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Progress Check 



Twenty- I I 



PROGRtSS CHECK 
LESSON II 

Power Supply Input Stage 



i. State the function of Power Connectors. 



2, Place a checkmark beside the symbol (s) used for power connectors. 




3. State the function of circuit breakers- 



^, Identify by name each of the illustrated symbols. 




b. 




5. State the function of power switches. 



6. State the function of indicator tights. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IH THE BACK Or THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON III. 
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What Materials 
Are Available? 



How Can Thbse 
Materialis Be Obtained? 



_ajx^cjuyi!y_tciuihcrease^the accessibility of 
^ niilitary*daveloped curriculum materials to 
vocational and technical educators. 

This project, fj^ed by theJJ.S. Office of 
-Educatiph, Jncludes the identification and 
{acquiSftibn-pf cumcuJum materials in print 
i!9hx\ frorh 'the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

AoTess to military curriculum materials is 
; provided through a ''Joint Memorandum of 
Understandih"^'' Between the LI^S/ Office of 
Education arid the Department of Defense: 

''^h^d<^(4ii^:materiajsare reviewed by staff 
'^ridsjj^ and courses 

le€m^ applicable to vocational and tech- 
Tiica) ^jjcatiph are selected for dissemination. 

The National^ Centen for Research in ' 
Vocatipnat Education is the US. Office of 
'Education's designated representative to 
icqiiire the materia^^ conduct the project 
activities. 

Project Staff : ■ 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghou^se 

/ Shirfey;^/Chase, Ph.D. . 
. Prbiect birectpi' '4 



One hundred twenty courses on microffche 
(thirteen in paper form) and descriptions of 
each have^been provided to the vocational^ 
Curriculum Coordination Centers and other 
instnjctional materials agencies for dissemi- 
nation, ' 

Course materials include programmed 
instruction, curriculum outnnes, instructor 
guides, student workbooks and technical 
manuals. 

The 120 cotfrses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 

Construction - . 

Trades 
Clerical 

Occupations 
Comhnunicatfons 
Drafting ^ 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning 
Machine Shop 
Management & 
Supervision 
Meteorology & 
Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expan d as additional mate^ 
rials with application to vocational and ' 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination penter 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
wilUrespond to your request directly or refer 
you to an instructional materials agency 
closer to you. 



CURRICUtUM COORDINATIOW CENTERS 



EAST CENTRAL 

Rebecca S. Pouglass 
Director ' 
100 North First Street 
Springfield, I L 62777 
217/782-0759 " 



MIDWEST 
Robert Patton 
Director 

ISISWest Sixth Ave. 
Stillwater, DK 74704 
405/377-2000 



NORTHEAST 

^-Joseph?. Kelly, Ph.D. 

' Dtfector 

225 West Stite Street 
Trenton, NJ 08625 
609/292*6562 ^ 



NORTHWEST 

Wllllanr^ Daniels 
Director 

Buijding 17 / 
AirdustriarPark / 
Dlympia,WA 98504^^ 
206/>53^0879" y 

SOUTHEAST ^ ^ 

jamasF.Shill.PhA 

Director 

Mississippi State University 

Drawer OX 
Mississippi State, MS 39762 
601/325^2510 

WESTERN 

Lawrence f > H. Zane, Pfi^D, 
Director _ v,^ \ 
1776 University. Ave. 
Honolulu, HI 96822 r 
608/348^7834* 



f He; Natk>na Center 



r 



The National Genter for Research in 
Vocational Eduoition's mission is to increase 
the dbitity of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparatton^and progression: The Niatiohal 
Center fulfills its missiQn by: 

^ Generating knowledge, through research. 

uevek)pingeduj:ational programs and 
products 

' ^ Evaluating individual program needs 
and outcomes 



« Installing educational programs arid 
products 

Operating information systems and 
iservices 



o : 



Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military CurrfCulum^MatertaU 
WRitE OR CALL 

Program rnformation Off jce 
the National Center For Research in Vocational 
^ Education 
^ ^ Tfift Ohio State Universitv 

1960 Kenny Road, Cotumtxis, Ohio 432t0 
Teleptione: 614/486-3655 or Ton Free 800/ 
848;481S wjthln-tfw continental 
:(exoeptOhio)' 



Military Curriculuni 
Materials for 
A(ocatiohdl andt 
Teclihical Education; 



(pfortnnUon mid Fieljd; 'I 
Sc!vices Divhioii; i 



Tho I J-^'icn-:! Contor for nrfi?.nrc,tv ? 
1n Vccritioi-n! EtJdcation; 




TWENTY 
BASIC -POWER SUPPLIES 



TWEHTY-T 
VACUUM TUBE POWER SUPPLIES . 
TWENTY ONF. - 
TRANSISTOR THEORY . 
TWENTY ONE-T 
HULTI-ELEHENT VACttUH TUBES 
TWENTY TWO 
OSCILLATORS 



PROGRESS CHECK BOOKLET 
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BASIC POWER SUPPLIES 
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PROGRESS CHECK BOOKLET 



Progress Check . » * Twentyl 

* • PROGRESS CHECK 

, * LESSOM I . 

t 9omr Supply Functional Analysts 

I* The function of a power supply, ts to supply the correct 
. - and ■ for electronic equipment^ 

2* ""Four typical functions of the tnput-stage of a power supply are' 

a« overload protection, rectification, regulation, on/off Indlditlon 

b* power "on" Indlcatlbn* overload protection, regulation* couple 
the line voltage to the power supply* 

t\ rectif Icatlon* filtering* regulatlort, on/off switching/ 

df overload protection* power 'W Intltcatlon* couple line volta^ 
to the pow^r supply* iaf\/off switching, ,v 



3,, State the function of the transformer si&condary stage of a power 

' supply;' , ' 



TM rectified stage 6f a power supply converts voltage to 

pulsating - voltage* 

5* The function. of the filter In a power supply Is to 



a* . pass high frequencies -and block low frequencies/ 

b; smooth pulsating DC Into a smoother DC* 

* 

c; cpnvert AC„*,to OC voltage. ♦ ^ . * *■ 

' d, pass tne'AC voltage to the regulator. < 

' ■ ' 

6. SXate the. two functions of the voUv;ge regulator' stage In a power 
supply: - ' ' 



a. 



CHECK YOUR RESPONSES WITH TME ANSWERS PROV!3E0 IN THE BACK OF THtS 
BOOKLET. VfHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO TO 
LESSON II. 



EXP, 



Twenty- 1 1 



EXPERIMENT 
LESSON II 

It Sn 



Input 



The purpose of thts exercise is to famtttartze you with the sche- 
mtfc syinbots and physical eppearance of some typical 4>^rt$ used In 
power supplies* 

Locate the Parts Identification Board In your learning center, * 
Take ^thls book with you and complete the exercise. You sl»oti1d be ^ 
looking at the Parts Identification Board, 

Procedure 

U ttatch the names listed below .to the components numbered from t to 
25 on the Parts^ Identification ^rd, 

(NOTEt Skip numbers 4, 7* 9f l^t 18 a(id 24,) 



e. Terminal Board 

b. Switch 

c. Fuse 

d. Indicator tight 

e. Transformer 

Component # 
I 

2 
3 
5 
6 
8 

n 

12 
13 



f. Circuit breaker 

g. Wall plug 

h. Multiple Connector 
1. Fuse holder 



Component I 
15 ' 
16 
17 

20 
21 
22 
23 
, 25 
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EXP, 



TwMty-ll 



2. Or«w the ichemattc symbols for each component. 



a. Terminal board 



e. Transformer 



(• *wttch 



f. Circuit breaker 



c. Fuse 



g. Ualt plug 



d. Indicator light 



h, Multiple conne<ftor' 



CHECK'YOUR RESPONSES UITH THE ANSWERSPROVIOEO IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RISPOKS&S AGREE UITH THE ANSWERS, PROCEED TO Tl£ PROGRESS CHECI^ II 

IF YOUR RESPONSES OiVfER FROH THOSE GIVEN, RECHECK YOUR SETTINGS AKO 
PROCEDURES. . IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR. 



Progress Check. ' Twenty- 1 1 

PROGRCSS CHECK 
LESSON M 

Power Supply Input' Stage s 
t. State the function of Power Connectors. 



2. Place a check nark beside the symbol (s) used for power connectors. 




64 




3« State the function of ctrcutt breakers^ 



a* ^ ^ 



c. 



5*. State tte. function of power swttches*^ 



1 



^* Identify, by name each of the Illustrated symbols* 



6. State the function of Indicator lights. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON III. 



EXP. ' Twenty-ni 



EXPERIMENT ' 
LESSON I h 

r 

. Power ^iupp^Y Input and Transformer Secondary Stages 

While doing tht^ experiment^ you will observe waveforms and measure voltages 
at var'tous points on the input and transfomer secondary stages^oJf the NlOA 
201^^6wer Supply. ^ 

SAFETY precautions : / 

The>il5 vctt power supply voltage is not a relatively harmless voltage, 
this Voltag^ has caused HORE FATALITIES - t>ie Navy th^n any other voltage. 
.S WARE of 115 VOLT^ POWER - IT CAN 8E A DEADLY SHIPMATE. 

EgjIPMEHT REQUIRED; 

l> Oscilloscope \ ^\ 

2* Device NIDA- 201 Power Supply . - 

3. Pa 201^1 Printed Circuit Card 

4. Device NIDA 20IL Load Box 

5. ^lb^( Probe. ^ ^ 
6i Multimeter / . ^ 

7; " Dbuble Sanfina Plug Cable 

REFERENCE MATERIAL : 

1; Instruction Manual^ Power Supply^ NIDA Trainer Model 201 
2.. jiistrucUon Manual^ Load Box» NIDATratnthg Model 2CIL 

PROCEDURE ; ^ 

^^ Following all appl icable safety precautions^ bbtiln a line trace' on the 
psci11pscope» center tt» and make the following settings; 

' ' . * * 

a; sensitivity. Control * 10 volts/cm 
- :b. .Sweep T(mc Control • 5 mill tseconds/cm 
/ c. ' Channel AC/DC Selector Switch • AC ' 
d: , Trigger Source - tine 
e. 1 OX Probe * Channel ^ input Jack. . 

^2% FpUowIng all appl^lcable safety precautions (donVt plug In the power 
cord yet) set up the NIDA 201 and 20iL training devices as follows; 

a. Remove top coyer of the NIDA 201 Power Supply and insert PC*20I-I 
(HaVf-Full Wave) Board; Ranove the bottom cover of the NIDA 201 
Pow^r SiippVy/ Turn the NJDA 201 Power Supply chassis on Us right 
/ ^ side with the^^ttotn of the .chassis towards you so the power trans- 
former is located In the top left corner. Connect the lOX probe 
ground wire to the chejsis frame. 



Twenty- 1 J I 



. Look at the dual end of the banana plug cable and notice the 
tab labelled "ground", j^nsert the f^lug Into the NIDA 20rpower 
Supply output jacks with the- ground stde in the. ground jack 
(white) arh^ remaining plug tn the -i-DC (red) output. Jack* 
Connect the cither erid of the banana plug cable to the NIDA 201 
Load Ekjx wtth'^^e plug label led "ground" in the black Jack and 

, Jths r«n§injng plug In the red jack. Note': Insure that a metal 
. strap is. connected f/om the ground terminal to the -DC (b^lack) 
Mrminaroh th^ Ml^^^^ Power Supply. Place all three NIDA^ 
201 l^d' Box Switches down and the Selector Switch In the 
'Mamp4"'posrtton. 

; 'Plug jlh the^NIDA '^^^ Power Supply and turn the power switch 
'*0^'%l DAWfiER ; There are now bare connections that, may have 115 
yo1t5:|AC on ""th There a^e numerous, co^nhect Ion DC 
^iehtia.l^o^^ them\ . \/ ' / ^ ' : 

H0T|':; Ath^ Electrplylttc Capacitors shown in figure I .have 
voitag^^ ^present at their te^rmlhals. that can KILL ! Uhen«^aklng. 
misasureiT^nts be ext/emely careful not to touch these terminals* 
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EXP. 



Twentyr 1 1 1 



■ ■■■V. .. - --iT- 




Figure 2 



3. a. Locate the fuseholder on the lower left side of the NIDA 201 Power 7 

Supply chaisl^* Touch the oscilloscope probe to the fusehotder con- ^ 
nectton that has the. whtte/g ra y color'coded vHre attached (end ter- . . ■ 

mtnat of i^useKolder) . Refer", to the wiring diagram* Figure 3* to ^ ^ 

atd you tn locating the various test points for this experiment. Cal* i 

cut ate and record the peak-to*peak voltage at this potnt on the fuse- i 

bolder* ; volts peak-to-peak* . \ 1 

f . ;■ 

b* The peak (+ or -) voltage at .this point is volts peak* :] 

c. What is.the RMS voUage measured jli item 3^7 J_ VAC (RHS). j 

d, Heasure the AC voltage at the fuseivatder wtth a multtmeter; the ^ 
VOM reading at the fuseholder ts VAC. ; 



16 




Figure 3 ' 

Locate the power switch on the lower right corner ,of the NtDA 201. 
Power Supply Chassis and trace the gray wire to -swtAch S2. When fuse Fl 
' ts Installed and the power switch on, there ts an ft voltage present 
. at thts terminal. / ^ V • 

a. The. peak-to-peak voltage at this point on swttch'^ S2 ts 

V AC P-P ' 

b. Wtth the NtDA 201 power switch in the ''on" position. Is there a 
difference In voltages at switch S2 and the fusebolder? 
(yes/no). . , 

5. , Turn the NIDA 201 power switch "off. Is there a difference In the 
voltage at the fuseholder and the voltage at switch S2? (yes/no) 

6. a. Remove the lOX probe and place It on the terminal of S2 that has 

the black lead attached. Turn the NIOA Power Supply on antl 
observe the waveform and record the voltage (P-P) at this 
terminal. VAC p-p. 

11 . 



EXP. 



Twenty- 1 1 1 



t>* The btack lead on S2 ts connected to 

(1) the secondary winding of transformer TI. ^ 

(2) the primary winding of transformer Tl. 

(3) switch Si. 

(k) lamp DSl. ^ 

c. Turn the power switch 'feff** and remove PC201-1 (hulf-full wave) 
circuit board. This circuit board Is located on the top of the 
NIDA 201 Power Supply chassis. Turn the power switch *W* and 
observe the waveform at the terminal of S2 with the grey lead 
attached. Do you have a waveform at this point? (yes/no) 

d. Hove the ]0X probe to the terminal with the black lead attached 
(the other side of S2) . Do you have a waveform at thTs point? 
f yes/no) . 

7* Switch ^^2 {s a safety switch that opens and removes power to trans* 
former Tl wK^n P!:20)*l printed circuit card Is not Installed. You will 
see switches like these used throughout Navy equipment. They are 
comnonty called ''interlocks.** ^ 



8. Refer to Figure 3- 

a. Will the ''power on** lamp; DS1» glow with fuse Fl open? .(yes/no) . 

b. MIW the "power on** lamp, DSl, glow with open? (yes/no ) . 

c. Remove fuse Fl on the I DA 201 Power Supply and check your answer 
to 8a. 

d. Turn the NIDA 201 Power Supply off and reinstall the fuse. Rein- 
stall, PC201-I printed circuit card. 'Remove the lOX probe. 

9. Turn the HIDA 201 Power Supply up side down with the front panel 
toward you. Locate diodes CRl and t:R2. 

10. a. Turn, the NIDA 201 Power^Supply "on'*'*then measure and record the 

peak-to-peak voltage at the terminal of CR-SwIth th«? brown and 
light green wires attached to-Jt. VAC (p-p) 

b. Is . the voltage at the terminal i>f CR-1 with the grey and light 
green wires attached to It same as that in step 10a? (yes/no) . 

11. Compare the peak-to'^peak voltage at diode CRl (step lOa) to the 
peak*to*pea^ voltage you observed in stepr3a. Are the voltages the same? 
(yes/no). 
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EXP. 



Twgnty-1 1 1 



12. a. What is the peak-to-peak voltage ratio between the pflmary and 
the secondary winding of the transformer? 

b. Tt is a (step- up/step- down) transformer. 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR 
SETTINGS AND PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR 
L^RNING^aJJ£EaUiSOR.' WHEN YOUR RESPONSES AGREE WITH I'HE ANSWERS GIVEN 
AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL (N THIS EXPERIMENT, 
REPLACE ALL THE COVERS AND RETURN YOUR EC^UIPMENT TO ITS STOWAGE, THEN 
PROCEED TO " HE PROGRESS CHECK. 
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PROGRESS CHECK 
LESSON )ll 

Power Supply Transformer Secondary Stage 

1. Which waveform characteristic(s) will be changed by a step-up or 
step-down transformer? 

a. Frequency 

b. Volta'^e 

c. Shape 

2. The function of a muiti-secondary transformer-is to;" ■ ^ 

a. provide a single output voltage from two or more* input voltages. 

b. provide multiple output voltages from a single Input voltage. 

c. increase the power of the input voltage. 

3. *The diagram below shows the waveform available from one end terminal 

of a center-tapped transformer secondary. Draw the corresponding 
cycle of voltage available for the other end terminal. 




CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON IV. 
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A V RESPONSE SHEET 
' LESSOM IV 

Power Supply Rectifiers 



ANSWER THE QUESTIONS IN STATIC/MOTION PROGRAM TWENTY- IV ON THrS 
RESPONSE SHEET. • • ^ * 

1. Draw the output-waveforms and ai(ipUtudes for the two circuits shown. 




2. Trace current flow in the bridge cjrtujt below. • 




ir 
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R.S,(A-V) 



Twenty- IV 



3* Label each rectifier circuit beloi^ with its proper name (half-wave^ 
etc.) and output polar ity (positive or negative). 







1 i 1 
1 x/V* 1 

1 Y 1 
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EXPeRirtEHT 
■ \ LESSON IV 

PART V 

Power Supply Rectifiers 

One measure of the condition of a diode is called the front-to-back 
ratio. As you know» diodes are special devices that alio.; current to flow 
In-only one direction. Actually^ a more realistic statement is that 
current flows eas t ly in one direction^ but with great difficulty In the 
other. 1t*s lik^ a waterfall: water flows down the waterfall very 
easily; it Is possible to make Jthe water go U£ the waterfall^ but it 
isn 't easy. ^ 

According to Ohm's Law (and our practical experience) current flows 

easily if the resistance, is tow» and current/flow is very limited if tie 

rest'Stance is high. A diode is a device thdt acts like a high resistance 

to cut^rent flow in onQ direction and a very low resistance to current 

flow in. the other direction. An ohmmeter can be used to measure this 

difference in resistance. The ratio of the effective resistance Jn one 

direction to the ^effective resistance in the other direction ts called the ^ . 

. . , , ^. -ru t t-.-. low resistance 

front-to-back ratio. The ratio is^^ritten: ir^-*c * The ratio 

^ ^ nign resistance 

of the resistance in the low direction to the resistance in the high 
direction^ the f ront'^to-back ratio^ is a measure of how "good" a diode is. 

The leads of an ohmmeter are polarized; i.e.* one lead is connected 
tq tlie positive terminal of an interna? battery^ and the other is 
connected to the negative terminal of the interna? battery. 

When an ohmmeter is used to measure resistance^ the internal battery 
tends to cause eiectrons to flow from the negative meter teiid through 
the resistance to the positive nreter 'Jead. The amount of current fJow is 
inversely proportioftal to the resistance^ and the meter face is calibrated 
in ohiiis. An.ordinary resistor wtll^show the same amount of resistance 
no matter what direction the current is flowing (meter leads reversed) but 
a "good" diode will show a tow resistance when the leads are applied one 
way' and a high resistance when the leads are reversed: 



IT 
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EXP. 



Mote; ' H ost ohmmeters supply positive voltage to the convion (black) 
Tead and negative voltage to the red lead. 



CUHttNT 



unit oi NO 








+ 









High current^ 
Low res? stance. 



Low current » 
High resistance. 



Suppose that a dtode measures 10 ohms when the ohmmeter leads are 
applied with one polarity and 10^000 ohms when the leads are reversed. 
Ihe front-to-back ratio is found by expressing the ratio of the seller 

resistance ^to the larger; jT ^^ ' ^p '" • Dividing both of these numbers by 

the smaller gives a ratio of 1 : 1000 or 1 to 1000. A convnon ruie of 
thumb is that a dtode is good at a ratio of I : 100 or greater. 

Equ t pmen t"" Regu i red 

Hul t imeter 

Procedure 

Now is the time for you to measure seme f ront^to^'back ratios. Go 
to the parts identification boards and wlien you get there: 

a. set the multimeter to measure resistance on the R X 100 scate» 

b. measure the resistance of each diode in one direction^ 

c. measure the resistance in the other direction^ 

d. record the readings^ and reverse the meter le^Ms* 



Component #26 
Component #27 
Component #28 
Component #29 



Low reading 

Low reading 

Low residing 

Low read ing 



High 
High 
High 
High 



reading 
reading 
reading 
reading 



tt 
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EXP, 



Tv#enty-IV-I 



Calculate the f ront-tc-back ratios: " 



Recofid the front -to-back ratios: 

Component #26 27 J 28 



Are all of the diodes "good"? 



29 



(yes/ribj 



CHECK YOUR RESPONSES WITH' THE ANSWERS PROVIDED IN THE BACK j)F THIS BOOKLET. 
UHtN YOCR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO EXPERIMENT TWENTY-IV-2 

IF YOUR RESPONSES DIFFER FROM THDSE GtVEN, RECHECK YOUR SETTINGS AND 
PROCEDURES. IF YOU STtU HAVE A PROBLEM, SEE YOUR LEARNING -SUPERVISOR. . * 



II 
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Progress Check - Tvtsn*y-1V 

PROGRESS CHE^K * ^ 

■ LESSON fV 

Power Supply Rectifiers 

f. ^Urite the narne of each of the illustrated rectifier circuits in the 
space provided. ' ' 




2. One advantage of -a fu*n-v/ave rectifier over a' half-wave rectifier is 

** ** * 
a, fewer components, 

less voltage variation in\the DC output, 
c.^ higher voltage level for the same transformer secondary voltage. 

3- Por the same total voltage across the transformer secondary winding^ 
the bridfae rectifier will have 

Y ' 

a. twice the DC output voltage as^a full-wave rectifier, 
b- half the OC output voltage as a ^ull-wave rectifier, 
c. the same OC output voltage as a full-wave rectifier. 



20 
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Progress Check 



T%rtntylV 



^* Draw the output waveforms fqr each of th^e circuits (assume a 
positive DC output): 



+10V 

Ov 
tOv 




n 



-lOv 



-lOv 



HALF WAVE 
RECTIFIER 


( 




. BRIDGE 
RECTIFIER 






FULL WAVE 
RECTIFIER 





+10V 
0 

-lOv 

+10V 

OV 
-IQv 

+10V 

OV 
-lOtf 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED JO LESSON V. 
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Fl.S.(A-V) ^ Twenty-V 

A-V RESPONSE SHEET 
LESSON V 

^ Power Supply Filters 



ANSWER THE QUESTIONS IN STATIC/HOTION PROGRAM TWEHTY-V ON THIS 
RESPONSE SHEET. 

V . 

1. - - - ' 
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EXPERIMENT 
LESSON V 

Povfer Supply Rectifiers and Filters 



This expeVim^t will familiarize you with the rectifier and filtering 
action. of a power supply. 

SAFETY PRECAUTIONS ; Observe aH standard safety precautions. Beware 
of bare connections; an energized circuit may have dangerous voltages 
in it. 

EQUIPMENT REQUIRED 

Osci lloscope 

NlOA 201 Power Supply 

eC20l-1 Printed Circuit Card 

NlOA 20IL Load Box 

Banana Plug Cable 

lOX Probe 

Jumper Wi res (2) 

REFERENCE MATERIAL 

Instruction Manual^ Power Supply^ NIDA Trdiner Model 201 
Instruction Manual* Load Box» NlOA Trainer Model^20IL 

PROCEDURE 

"5 

1. Obtain a NiDA 201 Power Supply and a NIDA 20tL Load Box. Connect 
the load Box to the Power Supply with the Dual Banana Plug Cable. On 
the Load Box set the lOAD SELECTOR Switch to **lamps" and place all toggle 
switches to the ''down" position. 

2. Obtain a line trace and set up the oscilloscope as follows: 

a. SENSITIVITY - 5 volts/cm 

b. * SWEEP TIME - 5 mM It seconds/cm 

c. CHANNEL SELECTOR - Channel A 

d. CHANNEL A - AC/ DC SWITCH - DC 

e. TRIGGER SOURCE - Line- 

f. Connect a lOX probe to the Channel A Input 

g. Center the line trace 



ERIC 
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3a. With the Power Supply right side up* remove the top cover and insert 
PC 20I-I (Half - Full Wave Printed Circuit Card) ^ 

3b. Place the HALF WAVE - FULL WAVE Switch, 5*4, o-^ pC 201-1 in the 
"Half Wave" position. 

3c. Place the lOX probe Tpr with the probe ON ground on any convenient 
chassis ground. 

3d. Ensure all connections are properly made. 

Let's now add the rectifier schematic to the schematic of the Input 
transformer secondary we worlted with in Figure 3 of Experiment for 
Lesson III. 



INPUT 
CIRCUIT 




Figure I 
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^. The output of the rectifier circuit Is from TPl on circuit board 
PC201-I (Half - Futlwave Rectifier). Switch Sk gives us the capability 
of^xaminlng the output from either a half wave or a full wave rectifier. 
Refer to Figure 1 . 

5. With §^ Jn the half wave position* we use diode . 



(1) CRl only 

(2) ClU only 

(3) CRl and ClU 

6. Energize the NIDA 20t Power Supply and observe and draw the waveform 
at TPK 



_Vp-p +10^ 



7a; Place the HALF - FULL WAVE Switch (S^) on PC20I-1 In the "FULL WAVE" 
position. Observe and draw the wavefor^ at TPK 



Vp-p +10% 



Answer the following question* 

The full wave rectifier output voltage uses 

(1) only the posi^-.ve alternation of the AC input, 

(2) only the negative alternation of the AC Input* 

(3) both the positive and negative alternation of the AC input* 

7c* The full wave rectifier output has (half as many/twice as many/ 
the same number of) pulses per cycle as the half wave rectifier output, 
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8» Record the voltage and current readings from th^ meters on the front 
of the Power Supply, 

VDC DC AMPS 



9* Notice that the meter on the front of the NIDA 201 doesn't indicate 
the pulsations (known as rtpple) that can be seen on the oscilloscope* 

10. Turn off the Power Supply and install a jumper between TPl and TP2, 
then reenergize the Power Supply. 

11* Measure and record the voltage and waveform at TPl 



VDC 



12. Record the voltaye and current readinas from the meters on the front 
of the Power SuddIv. 

VDC DC AMPS 



By adding the junper between TPl and TP2 you added capacitor CI to the 
circuit. (Refer to Figure 2-3 in the NiDA 201 Instruction i^anuul -) 

ln<;ertinn capacitor CI into the circuit caused the rioole to 

and the voltaQe to . 

13* While observing the oscilloscope presentation, turn the Power Supply off* 
Notice that the voltage at TPl "bleeds'* off slowly. This is a very im_portant 
point to remember. Turning a power supply switch off does not guarantee 
that you can safely touch the conducting surfaces. Capacitors are' capable 
of storing enough energy to K I L L you long after the circuit has been 
deenergized. All capacitors must be discharged before you can assume that 
it is safe to touch conducting surfaceslTT Tfie approved method for doing 
this is to short each capacitor's positive and negative leads together 
through a jumper wire. In high voltage circuits It is best to use a low- 
resistance, high**wattage resistor In series with a jumper. However, when 
using the NIDA 201 Power Supply, a standard jumper will suffice. 

lA. With the Power Supply deenergized, obtain a jumper and short TP2 to 
ground. 
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Refering to Figure 2-3 on page 2-h in the NIDA Instruction Manual » which 
side of Ci (positive/negative) have you jjmpered to ground? 

CHECK YOUft RESPONSES WITH THE ANSWERS PROVIDED IN THE SACK OF THIS BOOK- 
LET. IF YOUR RESPONSES DIFFER FROM THOSE GiVEN» RECHECK YOUR SETTINGS 
AND PROCEDURES. IF YOU STILL HAVE A PR08LEH» SEE YOUR LEARNING. SUPER- 
VISOR. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL 
THAT YOU HAVE MASTERED THE MATERIAL IN THIS EXPERIMENT REPLACE ALL THE 
COVERS AND RETURN YOUR EQUIPMENT TO ITS STOWAGE^ THEN PROCEED TO THE 
PROGRESS CHECK. 
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PROGRESS CHECK 
LESSON V 

Power Supply Filters 



K The purpose of a power supply ftJter Is to 

a. convert AC to DC voltage. 

b. smDOth the DC voltage. 

c. maintain the DC voltage at a constant level. 

d. supply the proper AC voltage for equipment operation- 

2. The illustrated filter circuit can be cjassified as a 
input f i Iter. 

o rw^Ok. 



T 
X 



3- Select the correct schefnatic for a pi filter circuit; 



a. 





d. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON VI. 
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PROGRESS CHECK 

LESSON VI " * 

Power Supply Regulators \ 
1. Describe the function of a voltage regulator; 



2, If the input OC voltage to the illustrated voltage regulator increases^ 
should RV be increased or decreased to maintain a constant voltage 
across R/? 



INPUT DC 
VOCTAQE 



SERIES 
REQULATOR 



LOAD 
VOLTAOC 



3. If the output OC voltage of the Illustrated voltage regulator decreases 
due to lo^d change^ should RV be increased or decreased to maintain 
a constant voltage across R. ? ' 



INPUT DC 
VOLTAQE 




LOAD 
VOCTAQE 



k. The purpose of a Zener diode in a shunt voltage regulator is to 

a. convert AC to DC voltage. 

b. allow current to flow In only one direction. 

c. maintain a constant OC current flow, 
maintain a constant OC voltage. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO LESSON VI 1. 
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EXPERIMENT 
LESSON V) I 

Power Supply Regulation and Loading^ Effects 



In this experiment you will; 

Use art os^flloscope to measure DC voltages* 

Observe liow a regulator mairttams a constant DC voltage under 
varying load conditions- 
Observe the effect of "loading" on the power i^upply as you change 
the current drawn from the power supply* 

SAFETY PRECAUTIONS : ^Beware of bare connections while taking waveform and 
voltage measurements* Most of these connections rtave voltages on them 
that can KIL L. 

EQUIPMENT REQUIRED 

NlOA 201 Power Supply 

PC 20N2 Printed Circuit Card 

HlOA 201L Load Box 

lOX Probe 

Dual Banana Plug Cable 

REFEREHCE MATERIAL 

Instruction Manual^ Power Supply^ HIDA Trainer 201 
Instrtjctton Monual^ Load Box» NlOA 20lL 

PROCEDURE : 

K Using alt applicable safety precautions^ obtain a line trace on the 
psci I loscope* 

2- Set iJp the NlOA 201 Power supply. 

a- Connect the NIDA 20IL Load Box to the 201 Power Supply using the 
dual banana plug cable\ Ensure that all toggle switches on che 
Load Box are in the "down" position and the LOAD SELECTOR SWITCH 
is In the *'lamps" position^ Set the parallel * series switch in 
the series position^ 
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3. Install PC 201-2 (Zener Regulator Printed Circuit Card)* You now 
have*added the Voltage Regulator^ the final stage^ to your power supply. 
Voltage regulators maintain a constant vol toge output under varying load 
conditions. .All voltage regulators have certain operating ranges. If 
the load varies outside the operating range of the regulator^ the voltage 
will also ^vary. 

^* Ensure all connections are Properly made and energize the N)DA 201 
Power Supply. Record the voltage and current readings on the front 
panel meters of the power supply. 

_^ ^ VDC DC Amps 



5* Set up your osci 1 loscope to measure DC voltages on Channel A. 

a. The oscilloscope can be used to measure DC as well as AC voltage. 
Tfie following^ procedure will aid you in measuring DC voltages with 
an oscilloscope. You will use this method in step 6; 

(1) Place the Channel A AC/DC switch t:) "DC". 
\ ' 

(2) Connect the prcbe a nd its ground lead to convenient ground 
on the chassis. 

(3) Establish a zero volt reference by aligning the line trace 
to one of the horizontal graticule lines on the face of the 
osci 1 loscope. 

(^) Connect the probe to point to be measured and count the 
number of centimeters that the line trace is displaced, 
(Ensure the ground lead is still attached to a chassis 
ground.) 

(5) Multiply this number by the volts/cm setting on the VERTICAL 
SENSITIVITY switch. The result will be the amount of DC 
voltage present. 

(6) Any AC component of the input signal will also be displayed 
on the oscilloscope with th^ AC/DC switch in the "DC" 
position. The sweep reference will move up or down according 
to the DC voltage present and the AC signal will "ride" on^ 
(vary around) this level. 

6a. Now» using your osci 1 loscope measure and record the output voltage of 
the Zener Regulator PC 201-2. (See figure 2-6 of NIDA Instruction Manual.) 
VDC 

6b. The voltage you calculated with your oscilloscope should be the same 
as (within + 10^) the voltages you obtained in step from the front panel 
meters. 
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6c. From this experiment you can see that you can obtain DC measurements 
with an oscilloscope thus provin^^ that you do not always require a multi- 
meter for OC measurements. 

7* Now let*s look at the voltage regglator and see how it operates. 
As you know» when you vary the load on your power supply^ the regulator 
will compensate for the change in voltage caused by the change in load, 
occastohallv the load will increase to the point where the zener can*t 
Compensate for the change in the load. 

8, We will use the circuit tn step 3 as a reference for the following 
s teps. 

a. Measure and record the input voltage to the regulator card. 
yoC {Measured with oscilloscope.) , 



b. Observe and record the output from the regulator, VO'; 

(Observed on **0C Volts" meter on front panel NlOA 201 Power Supply.) 

c. Calculate the voltage drop across Rl (Input voltage minus output 
voltage). ^ VOC. 

d. Using ohms law (1 =^^|^)* figure the current throu^ih Rl. 
Amps. 



e. Observe and record the load current {Read from the "DC Amperes" 

meter on front panel of the NlOA 201 Power Supply) OC J&mps. 

9. Now you know the current through Rl cjnd the load current. From these 
currents^ find current through the zener. 

a. Using the formula IRI " ICRI ^ IRLoad^ figure the current through 
CRl pC AMPS. 

ID. The values you have just found will be considered as the values found 
tn the normally loaded power supply. 

11. Now watch the meters on the NtOA 2Dl Power Supply closely while you 
move the LOAO I TOGGLE SWITCH on the NtDA 2Dl L Load Box to the **Load I and 
2" position. By adding load 2 to the circuit you have varied the load. 

a. Record the voltage and current readings on the power supply meters 
VDC pC AMPS 

b. Old the voltage vary appreciably from the reading taken In step 4. 
yes/no 

12. Now find the values of ERI IRI and ICRI^ . 
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13* YouMl notice that even though the load current increased^ the current 
through Rl remained the same and the current through CRl decreased. The 
Zener diode CRI (Increased/decreased) conduction in order to hold the Output 
voltage constant^ There was 1 1 ttle or no change in power supply Output 
voltage. The power supply ts operating wtth(n the control 
range of Our regulator. * * 

14. Again watch your meters while mc/lng the PARALLEL*SEJtl&S on the Load 
Box to the **PARAU*EL'* posrtion. 

a. Record the voltage and Current re^^adrngs on the Power Supply meters, 
VDC DC AHPS 

b. Did the voltage change from the reading taken in step 117 
(yes/no). 



c. Did the current vary? 



(yes/no) , 



The relatively large change Jn the power supply voltage indicates that you 
have "overloaded" the power supply. By placing LAMPS I AND 2 tn ''PARALLEL*' 
you have caused the load box to draw current that exceeds the operating 
range of the Zener regulator. The regulator can ^iO longer keep the power 
Supply's Output voltage constant and therefore the voltage Output 
decreases. 



15. Again l>y using ohms law you can see what happens in an overloaded power 

supply. Compute the values for ERl IRl ICRl 

for the'' over loaded power supply in step 

t 

Notice that the current through series resistor R equals the load current* 
leaving a negllqible current flow through Zener diode CRl. This turns 
the zener diode off and effectively removes tt from the circuit. The 
power Supply is unregulated when this occurs. 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF .THIS BOOKLET. 
IF YOUR RESPONSES DIFFER FROM THOSE GIVEN» RCOIECK YOUR SETTINaS- AND 
PROCEDURES. IF YOU STILL HAVE A PROBLEM^ SEE YOUR LEARNING SUPERVISOR. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL THAT YOU 
HAVE MASTERED THE MATERIAL' IN THIS EXPERIMENT^ REPLACE ALL THE COVERS 
AND RETURN YOOR EQUIPMENT TO ITSSTOWAGE» THEN PROCEED TO THE PROGRESS 
CHECK. 
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PROGRESS CHECK 
LESSON VM 

Power Supply Systems Concept 



^ 1. In a power supply system the addition of cl rcul t s. which cause the 
the total impedance to change Is called [ ^ . 

The effect that the filter has on the rer'^lfler stage is called 



3. What will the addition of more circuits* do to the impedance pf 
a power supply? 



^. a. In an unregulated power supply^ what will happen to the current 
in a fixed branch if current changes in spme other parallel 
branch? 



b. What rs this effect Coiierl? 



5* What will We do tu offset the effect that changing current require- 
ments hov^t on the output voltage? 



CHtCK YOUR RESPONSES WITH TtlE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, YOU HAVE COMPLETED THIS /lODULE, 
IF YOU FEEL THAT YOUR PROGRESS CHECK RESULTS INDICATE THAT YOU ARE READY 
TO TAKE THE END OF MODULE TESTS, SEE YOUR LE/SRNIIIG SUPERVISOR. IF YOU 
FEEL YOU NEEO FURTHER STUDY BEFORE TAKIIIG THE END OF MODULE TESTS, YOU MAY 
REVIEW ANY PART OF THIS MODULE. 
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PROGRESS CHECK 
nODULE mtJTY-T 

Vacuum T 'jbe PoWer SupjUes 

\* What is the basic difference and/or similarity between tube 
and transistorized equipment? 

a* Functionaltv the same» buf* d If f erent . in size and voltage 

requirements* ' 
b* Usage and voltage requirements the same, 
c* Functionally different^ but size and voltage the same, 
d* There are no differences either * funct ionai ly or in size 

requirement* 

2* The only difference^ {f any\ between a vacuum tube power supp 
input circuit and a transistor power supply input circuit is 
that 

a* vacuum tubes are used instead of transistors. 

b* the components are of different values or size* 

c* the transistor power supply circuit provides greater 

overload protection* 
d* there is no difference* 

3/ Which o*^ the statements below is most correct? 

a* Transistorized power supply tronsformer secondaries 
always use step-*up and tube power supply transformer 
secondaries can use either step-up or step-down* 

b* Trc^nsistor and tube power supply transformer secondaries 
can be step**up or step^down^ but perform different 
functions in their power supply* 

c* Power supply transformer secondaries for tube power 
supplies are multi'^tead step^'up and step-down» white 
transistor power supply transformer secondaries are 
usually step-down* 

d* Tube power supply transformer secondaries use 0T\)y 
the primary winding of a transformer to regulate the 
power supply output voitage* 
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^. Which of the statements betow is most correct? 

a. Tube rectifiers are usually configured as bridge 
rectifiers whereas transistor rectifiers are 
usually configured as half-wave rectifiers. 

b. Transistor rectifiers use larger components than 
' tube rectifiers. 

c. Tube rectifiers and transistor rectifiers function 
the same. 

d. Tube rectifiers rectify current while transistor 
rectUiers rectify voltage. 

5. Which of the schematic symbols illustrated below indicates 
correct corrent flow for a tube dlqde? 




6. Tube power supply filter networks, as com|:^red to transistor 
power supply filter networks, are 

a. smaller in size» but function the same. 

b. larger in size, but function the same. 

c. identical in function and size. 

d* configured differently and function differently. 

7. Which of the tube schematic symbols Illustrated below Is com* 
parable to a 2ener diode regulator? 

a. b. c. d. 

8. What Is the major functional difference, tf any, between Zener 
diode regulators and voltage regulator tubes? 

a. There Is no functional difference. 

b. Vpltage regulator tubes regulate AC voltage, while 
Zener diodes regulate DC voltage. 

c. Zener diodes regulate AC voltage, while voltage reg** 
ulator tubes tegulate DC voltage* 

d* Zener diode regulators can be Interchanged with voltage 
regulator tubes. 
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9* Conparing a basic tube power supply to a basic transistor power 
supply^ which of the follovMng statenents is most Correct? 

a. Tube power supplies are smaller than transistor po\^r 
supplies and hav^ Completely different functions than 
transistor power supplies. 

b. Tube power supplies function the same as transistorized 
power supplies but differ physixaUy. 

C. Tube povier supplies are larger than transistor power 
supplies and have Completely different functions than 
transistor pov/er supplies. 

d. Tube power supplies have no similarity with transistorized 
power suppi ies.. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IM THE BACK OF THIS tOOKLET. 
WHtN YOUR RESPONSES AGREE WITH THE ANSWERS, YOU HAVE NOW COMPLETED THIS 
MODULE. IF YOU FEEL THAT YOUR PROGRESS CHECK RESULTS INDICATE THAT YOU 
ARE READY TO TAKE THE END OF MODULE TESTS, SEE YOUR LEARNING SUPERVISOR. 
IF YOU FEEL YOU NEED FURTHER STUDY BEFORE TAKING THE END OF MODULE TESTS, 
YOU MAY REVIEW ANY PART OF THIS MODULE. 
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BASIC TRANSISTOR THEORY 



1. 


A 


B 


C D 


(C ircle One) 


2. 


A 


B 


C D 


(C ircle One) 


3. 


A 


B 


C 


{Circle One) 




A 


B 


c 


(Circle One) 


5. 


a. 










6. 










c. 









7. 




8. A B C D (Circle One) 
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EXPERKIEIIT 
LESSON 'I 

TRAHStSTOft IDENTslFtCATtON 

\ \ 

Many times you be required to^lJetermine whether a transistor is 

good or bad. Sometimes you must decide^ this after the transistor has 
been removed from the equipment. To do^^this you take front-to-back 
ratios the same way you did for diodes^; but there are six measurements 
for a transistor instead of the two for diodes. Ycu will also determine 
wtiat type of transistor you have (NPN of PHP). 

NOTE : This type of check will on ly i indicate if the transistor is 
open or shorted. If a tronctstcr^ checks good using this 
method and the device is stijl suspected^ other methods of 
testing must be used. 

I 

When you use the multimeter to measure the resistance of a diode 
or transistor^ the meter supplies the current that flows throagh the 
conponent being tested. Since the ()| ack (common) lead of most multi- 
rneters is pos it ive and the red lead' is negat ive when used for 
resistance measurement^ you can predetermine whether the reading 
should be large or small for a particular type of transistor^ 

NOTE: The polaAity of the leads on a Simpson 260 VQh can be 
changed with the use of the + and - DC switch. With the switch in 
+0C position the r/d lead will be positive. 

By knowing tife meter lead polarities and the transistor elements 
(emitter^ base» collector) you can determine what type of transistor 
(PNP or NPN) youNhave^ providing the transfstor . 1 s good* To do this 
you take t\«> readii^gs^ reversing the meter leads between the emitter 
and base leadsir^— ^Pne smaller of the readings indicates that the emitter 
to base portioA of the transistor is forward biased with this polarity 
of voltage appijed* 

Equipment Required 

Multimeter AN/PSM-^i 

Go to the parts identification board. 
Procedure 

I4 Components 30» 31 » 32» .33» ^nd 3^ are aM transistors. Technical 
drawings oF*these transistors are shown in figure I. From these , 
drawings you can determine physical dimensions^ Identification 
and placement of the elements (leads)^ and the shape of container 
' (T02j T03* etc.) in which the transistor Is packaged* 
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I. Closely study the drawings an<^ compare them with the components 
mounted on the board. Then» label each drawing with the component 



b. 




I* m* 4nrvtJ I I 



3 VXi^*/ 



It m IHM *lHli* 




Figure 1 



e* 



TTT^ 
4ii ***^ j j I *" 




CHECK YOUR ANSWERS AGAINST THOSE IN THE BACK OF THIS BOOK BEFORE 
PROCEEOING* 



Set the multimeter t6 the RXlOO scale. While holding the leads 
together^ z^ro thfe meter: 

NOTE; Some transistors cannot handle the current provided by the 
multimeter on the RXI and.RXlO scales. Therefore^ when 
checking transistors with a multin^eter you should not use 
the scales lower than RXlOO^ for fear of damaging the 
transistor* 

In the following chart you will determine what type of * trans i stor 
you arc checking. In the column labeled "Transistor Number** write the 
number (2MXXXX) found on the transistor that corresponds to each conn 
ponent number, Somet imes. you may find a number other than a 2N number. 
It will be used for the same purpose — transistor identification. 

The next three columns are labeled EB (emitter-base)^ BC (base* 
collector)^ and EC (emit cer-col lector) , 6elow the column Identification 
there are two sets of letters PN and NP* These letters represent 
polarities of the multimeter^ *'P for positive and '*N*' for negative. 
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2. 



Component 


Transistor 


EB 


' BC . 






Number 


Number 
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PN 


NP 


NP 




30. 
















NP 


PN 


PN 








PN 


NP 


NP 




31. 
















NP 


PN 


PN 








PN 


NP 


NP 




32. 
















NP 


PH 


PN 








PN 


NP 


NP 




33. 
















NP 


PN 


PN 








PN 


NP 


NP 




3A. 
















NP 


PN 


PN 

















Let's work the first transistor together^ then you can proceed on 
your own. In the first column (labeled EB)» the first Space has Pll next 
to It. Place the black (positive) meter lead on the emitter and the red 
(negative) lead on the base. Record your resistive reading In the Space 
next to the PN. Below this is the NP Space; place the negative lead on 
the emlttt^r and the positive lead^on the base. Recor'd this reading next 
to NP. 

NOTE: Using the RXlOO scale your multimeter may not appear to 

move. Record your resistance reading to the closest K ohm. 

For the next column (labeled BC) do the same thing. First put the 
negative lead on the base and the positive lead on the collector. Record 
your reading. Then reverse your leads with the positive on the base and 
the negative on the collector. Record your reading. 

In the column labeled EC do the same» negative on the emitter and 
positive on the collector. Record. Reverse your leads with positive on 
the emitter and negative on the collector. Record. You have made a 
complete front to back ratio check on a transistor. 
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Oo the :icr,j for the renainlng transistors. When you have completed 
all the readings, proceed as follows* 

You should have one low and one high resistive reading in the EB 
and BC columns^ for each transistor* If you haven't, recheck that 
transistor* 

The EC column fnay or may not have a large difference in resistive 
re^idings, but it should never read an extrernely low value (under 50 ohms) 

rTrom the EB and BC columns select the PN or NP letters that gave 
you the lowest resistance readings* T'ace these in the EBC (emitter, 
base, collector) column* First from the EB, then from the BC* The two 
middle letters should be the same; use this letter only once to give 
you a total of three tetters (HPN or PNP) * Does this group of letters 
toQk familiar? Even though your letters stand f^or the polarity that 
gave you the lowest resistance reading (or, using Ohm's Law, the highest 
current through the transistor), the type of transistor, NPN or PNP, 
will have the sarre group of letters* 

You may now return to your carre! to complete this job sheet using 
the information you have collected* 

3* Using the incomplete schematic symbols below: 

a* Label the transistor symbol leads B (base), E (emitter), and 
C (col lector) * 

b* Oraw an arrow pointing in the proper direction on the emitter 
lead of the transistor symbol* 

30*' 2N1_893 3!. 2ini83 32* 2ri3055 

-cr -cr-cr 



33. 2H2222A 3't. ECG105 



CHECK YOUR RESPONSES WITH Tj,£ ANSWERS PKt'VtDEO !r< THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO TO THE 
PflOGRESS CHECK. IF YOUR RESPONSES DIFFER FR;t»i THOSE GIVEN, RECHECK 
YOUR SETTINGS ANO PROCEDURES. IF YOU STK". HAVE A PROBLEM, SEE YOUR 
LEARNING SUPERVISOR. 
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PROGRESS CHECK 
LESSON I 



Basic Transistor Theory 



I4 Which of the following components is a functional equivalent of a 
transistor? 



2* When Rv is Increased* what happe^^s to the voltage across Rv and 
the current through Rv? * 



3« Wh^t happens tf a transistor's resistance is increased? 



a. 


, Conduction 
increased* 


is increased and voltage 


across 


the 


transistor 


is 




Conduction 
increa:»ed . 


IS decreased and voltage 


across 


the 


trans 1 stor 


is 


c. 


Conduction 
dec reased* 


is decreased and voltage 


across 


the 


transistor 


is 


d. 


Conduction 


is increased and vol cage 


across 


the 


transistor 


t s 




decreased. 
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4. Match the correct element names to the numbers on the schematic 
Illustration shown. 




I. ^^.^^^^ _ 3* Emitter 

^* ; „ b. Base 

3. ^' c. Collector 



5. The element identification mark on the base of a transistor will 

a. always be nearest the collector. 

b. tell you which type it is. 

c. always be nearest the emitter. 

d. * always be nearest the base. 

6. Which of the following symbols represents an MPN transistor and 
\^hich represents a PKP transistor? 

is KPN K 



is PHP 
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7, Which of the following Illustrations is tnost correct?* (The 
arrow indicates ^direction of current flowj 






CHECK YOUR RESPONSES V/ITH'TH£ ANSWERS PROVIOEO IN THE BACK.OF THIS 
BOOKLET, WHEII YOUR RESPONSES AG«EC WITH THE ANSWERS, PROCEfeO TO 
LtiSSOH K . ^ ^ \ 
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A-V RESPONSE SHEET 
lESSON II 



Transistor Biasing 



I. 



2. 


A 


8 


C 


D 


(Circle ONE) 


3. 


A 


S 


C 


D 


(Circle ONE) 


it. 


fi 


8 


C 




(Circle ONE) 


5. 


A 


8 


C 




(Circle ONE) 


6. 


A 


8 


C 


D 


(Circle ONE) 
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PROfiRESS CHECK 
LESSOII It 

Transistor Biasfng 

). Bias may- be def ined as 

a. the D.C. potentials on the base and emitter leads that 
set the proper amount of conduction prior to the inject- 
ion of a s ignal . 

b. the A.C. potentials on each lead that set the proper 
amount of conduction prior to the injection of a stgnaK 

c. the D.C. potentials on each lead that set the proper 
amount of conduction prior to the 'Injection of a signal. 

d. the D.C. potentials on each lead that set the proper 
amount of resistance after a signal has been applied. 

2. Which of the following illustrations shows proper biasing? 
(There may be more than one correct answer.) 




3. , Which element has the most control over current flow in a three 
cliMDent transistor? 



a. Col lector 

b. ^lase 

c. Emitter 
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What potential will be on the base of a transistor when the sine 
wave reaches its peak negative variation? , 




5. When a sine wave input to the base reaches its peak negative 

variation the UPN transistor's conductivity has and the 

voltage across the transistor has . (See the circuit 




a. Decreased* decreased 

b. Increased* increased 

c . Dec r ea sed * I n c rea sed 
d* Increased* decreased 



6. In the following illustration the sine wave is Injected into the 
base of a HPN transistor* At time ^ the transistor's conduction is 




decreasing. 




SO 



Progress Check Twenty One- 1 1 

7. Which drawing Illustrates correct bias and circutt operation with 
the input shown? 



mm Eiius • :vpp 




^ 8. which of the following statements is most correct? 

a. Stabilizing components are neither critical nor necessary 
to the operation of a transistorized circuit. 

b. Stabi 1 izing-components are critical and necessary to the 
operation of a transistorized circuit. 

c. IStabllizIng components are necessary but not critical to 
the operation of a transistorized circuit.^ 

d. Stabilizing components are not used in a critical trans- 
istorized circuit. 

CHECK YOUH RESPONSES WfTH THE ANSWERS PROVfDED IN THE BACK OF THIS 
BOOKLET. YOUR RESPONSES AGREE WITH THE At4SWERS» PROCEED TO 

LESSON 111. 
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EXPERIMENT 
LESSON t I I 

Transistor AtnpHfter Functional Analysis 

|ji this experiment you will see how temperature will affect the 
conduction of a transistor^ calculate current gain using two muttimeters» 
and observe bias with an oscilloscope. 

Equipment Required 

Device 6f16 
Multimeter {2) 
Osc i 1 loscope 
lOX Probe 
1/X Probe 

PrQcedure 

Turn ^on your oscilloscope so it aan warm up and stabilize while you 
proceed. 

Open the 6f16 training device^ being careful that the name plate 
is upright to insure that the componeiits vfOn't spill out. Disconnect 
the base from the component storage half. Select the following com- 
ponents, and place the storage section out of. your way. 

1 power cord 

1 Template A 

1 2tl217 transistor 

1 lOiifd capacitor 

4 shorting strips {sizes as req* ired by template jffA) 
1 2 Kohm potentiometer 
1 2.2 iCohm resistor 
1 l8 Kohm resistor 

Adjust the oscilloscope for a line trace according to procedures 
posted in your carreK Set Sweep Time to .5 millisec/cm. 

Connect the lOX probe to channel 'W^ and calibrate it. 

Lay template A Comnicfn Emitter Amplifier squareiy on 6f)6 training 
device and align the holes. 
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' Install three of the plugMn shorting, wires marked SS from tha 
components box in locations marked '*B'\ *^C*\ and "G"; transistor 2N2I7 
in space so marked; an 16 Kohm resistor in R2 position; and a 2.2Kohm 
resistor in RL position. Place a 2 Kohm potentiometer in the space so 
marked^ and adjust it all the way clockwise. 

Set one multimeter on each side of^ the 6FI6 chassis. In order 
to see the entire circuit operation throughout your performance these 
meters will stay in place. The multir^eter on your left will be 
used to nionitor the transistor ba?;^ current^ and the other will be 
used to monitor the transistor collector current at the same time. 
Set up the multimeter to measure current. Set the range Switch of tb© 
base current monitor to I ma and the collector current monitor to the 
5 ma scale. (10 ma scale usiny the Simpson 260) 

Plug the base curren': meter into position "A" on the template. 
The red meter lead will be closest to the transistor. Connect the 
col lector current meter into position ''D*\ The red lead again will 
be closest to the transistor. 

I- 

Plug in and energize the 6F16 training device. 

Position the line trace of the oscilloscope with the top horizontal 
mark. Set the AC/DC knob to measure DC; sensitivity at .02 volt/err. 

Connect the lOX probe to the shorting strip in position the 
base of the transistor. 

Slowly rotate the 2 Kohm potent lometer. counter-clockwise while 
watching the oscilloscope display. 

1. In vJhich direction did your line trace nove? or >) 

2. Do you have collector c*jrrent? ( Yes/ no) 

3. Which type of transistor are you using? ( »PN/PMP) 

Adjust the 2 Kohm potentiometer to Its maximum clockwise position. 
You should have no current raiding on the multimeter monitoring base 
current. 

Without adjusting eitner range switch on the multimeter^ record 
the current readings in the spaces provided, 

^. Base current reading ma. 

5* Coiieccor (.ufrctit resuing ma. 

Slowly turn the potentiometer counter*clockwise» while watching 
the collector current meter. Stop at the point where there is no 
further Increase in collector current. Record your reading in the 
space provided. 
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6. Base current reading ma, 

7. Collector current reading ma. 

Us ing the difference between the first and second Base current 
reading the difference between the first and second collector curront 
reading^ calculate the current gain, ^rtecord tn the space provided below. 

gain = 2nd IC * 1st JC 
.2nd 18'* 1st IB 

3. gain , * 

You have' calculated gain for the circuit as it was designed to 
function. Next you will see what temperature will do to your 
equipment. 

Adjust the 2 Kohm potentiometer for a smaM indication of collector 
current. With your index finger and thumb hold the transistor cap 
firmly. Watch the collector current moaitor meter closely. 

9. Did the meter reading rncroase or decrease? , . 



The temperature from your body changed the conduction of this 
trans i stor . 

Not all transistors are this sensitive^ and there's not much 
difference between room temperature and y<>ur body temperature. If 
this circuit were designed for a certain amount of gain» you can see 
how temperature could cause ft to fail. Therefore^ transistor 
f^quipments are usually designed to operate wfthln specific temperature 
ranges. 

it 

Turn the 2 Kohm potentiometer clockwise 

Switch the AC/DC knob on the osclllo&cope to AC^ and realign your 
Itne trace with the top horizontal I Irtfe on the face of the CRT. Switch 
the AC/DC knob back to DC. (Your ] tne should be In the same position). 

Rotate the 2 Kohm potentiometer fully counter-clockwise. Note the 
position of the line trace on tlie CRT. Adjust the 2 Kohm potentlorneter 
for a Itne trace half way between the last posit Ion and the top 
horizontal line on the CRT (about -.I'volts)." Vou have just set the 
bias of the transistor for conduction at th^ c^ter of Its range. 
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Move the lOX pr'oL'* from position 6 on the template to the collector 
side of resistor RL* Change the oscilloscope sensitivity to .2 volt/cm. 

Switch the AC/DC knob to AC^ readjust the line trace position to the 
top horizontal line on the CRT. Switch the AC/DC knob back to OC. 
Record your Voltage in the space provided. 

10* Collector voltage volts. Deenergize 6ri6 training device. 



Place the 10 pfd capacitor in the position indicated on the template; 
place the last shorting strip in position "F**. Energize the '^FlS training 
device. 

Connect the IX probe to the Calibrator IKHz output volts on the 
left side of the oscilloscope. Attach the other end to the left side 
of the 10 yfd capacitor. This is the same as the AC Input. 

Connect ground strap on probe t^ shorting strip "G". 
Set the calibrator knob to .2 volts p**p. 
11. Record your output signal in the space provided. volts p**p 



CHtCK YOUR RESPONSES WITH THE ANSWERS PROVIOEO IM THE BACK OF THIS 
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR 
SITTINGS AHD PROCEDURES. IF YOU STILL HAVE A PROBLEM, SEE YOUR 
LEARNING SUPERVISOR* 

I ^ 

WHI;N your "RESPONSES AGREE WITH THE ANSWERS GIVEN AHD YOU FEEL THAT 
YOU HAVE ftASTERED THE MATERIAL IN THIS EXPERlMflH, REPLACE ALL THE 
COVERS AND RETURN YOUR EQUIPMENT TO ITS STOWAGE, THEN PROCEED TO 
THE PROGRESS CHECK. 
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PROGRESS CHECK 
LESSON I I I 

Basic Transistor Amplifrer Functional Analysis 
t. In your own words state the function of an amplifier. 



2. Match the proper fuactton(s) to the sub-stage. (Some answers may 
requfre rore than one letter.) 



SUB- STAGE 



1. Input 

2. Convers ion 

3. Output 



FUNCTiOM 

a . Anpl I f I cat ion 

b. Blocks OC between stages 

c. Couples Signal 



3. Label the two types of commonly used amplifier coupling circuits 
i 1 lustra ted below. 

lVcc 



kVcc 



a. 



.R2 




Select the statement below that best describes the function of 
the conversion sub-stage of an amplifier. 

a. Converts the DC input to an AC output. 

b. Increases the strength of the signal input. 

c. Supplies DC to the output stage. 

d. Suppresses notse. 
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5* Which statement betow best describes the principle of ampl i f icat ton 
in a transistor amplifier? 

a* A small input signal controls a large current flow. 

A small input signal increases the DC output of a transistor 
anpl if ier/ 

c* A large input signal controls a small current flow* 

CHECK YOUR RESPOHSES V/ITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
800KLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO 
LESSON IV. 
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EXPERIMENT 
LESSON IV 

Transistor Amplifier Circuits 

In Lesson IV of the study booklet you were sho-,T, different amplifier 
configurations and what was expected from them with certain input 
signals* )n this experiment you will see most of these ci rcui ts again . 
You wi 1 1 i n ject a s i9na 1 i nto the ampl i f ler and si mul taneously measure 
both the input and the output signals with the oscilloscope* To do 
thi^, you must i;se the dual trace -capabi 1 [t ies of the oscilloscope. 

SAFETY P^RECAUTIONS : Observe all standard safety precautions. There 
are some specific safety precautions for the NIDA 206 Amplifier, This 
unit has a +209 Voir DC Power Supply mounted on the chassis. This 
voltage may be applied to Pin 5 of the PC boards. Insure that the HIGH 
VOLTAGE swi tch ts **off** unless otherwise directed. This switch removes 
the +209 Volts DC from the printer circuit card jack. Do Not Remove 
the bottom cover of the NIDA 206 chassis. The +209 OC supply is 
energized any time the unit is **on** regardless of the panel switch's 
position, 

EQUIPMENT REQUIR ED: 

I' 

1 . Osci 1 loscope 

2. Signal Generator 

3. Printed circuit cards: PC206-6 

PC206-7 
PC206-8 

^. IX Probe (2) 

5. 6NC Cable 

6. 6NC To phone plug cable (1) 

7. BNC TEE Connector 

8. NIDA 206 Amplifier 

REFERENCE MATERIAL : 
NIDA 206 Instruction Hanual 
PROCEDURE : 

1. Energize oscilloscope and signal generator. 

2. Set up the signal generator for a 1 KHz audio output as follows: 
a. Set the MOD, XTAL S METER SELECTOR to 1000 hertz. 




Common Emitter circuit 
Common Collector circuit 
Common Base circuit 
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b. Connect one end of the BNC cab'.e to the AUDJD OUT jack of the 
signal generator. Connect the other end to one side of the TEE 
connector. 

N OTE ; jhe only controls needed for a 1 KHz output from the signal generator 
are the METER SELECTOR and AUDIO OUT control. The output is taken 
from the AUDIO OUT jack. The position of the other frequency con- 
trols will fiot make any difference to the output at the AUDIO OUT 
jack. 

3- Set up the oscilloscope for dual trace operation as follows: 

a. Connect the TEE connector to the EXTERNAL TRIGGER INPUT jack. 

b. Set the TRIGGER SOURCE to ''external AC**, 

c. Set the CHANNEL SELECTOR to **Channel A'* and obtain a line trace. 
Using the **ChanneJ A** controls set the line trace to the +1 cm 
line on the CRT. (+1 cm line is the ^irst horizontal line above 
the center I ine,) 

d. Set the CHANNEL SELECTOR to *thanne1 B'* and obt Jii a line trace. 
Using the "Channel B** controls set this line trace on the -I cm 
horizontal 1 ine, 

ev , Set the CHANNEL SELECTOR to '*chopped**. You are now set up for 
dual trace operation. 

You should have two J tnes on the oscilloscope^ one at +1 cm (channel **A*' 
sweep) and one at -1 cm (channel **B** sweep). You may have to re-adjust 
the trigger controls to pbtain the traces. For sensitivity and position^ 
the Channel **A** controls will control the upper sweep and the Channel '*B** 
controls will control the lower sweep. 

When you check for phase relationships between inputs and outputs 
of the amplifiers you will see traces similar to the ones below, 

INPUT AND OUTPUT - (N PHASE 





































4+4+ 






e — 1 
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INPUT AND OUTPUT - t8o° OUT OF PHASE 

































4f+f 






















4+++ 



























Loosen the knurled screw or he rear of the Aniplifter chassis that 
hoJds the top cover. Remove the top cover by sliding the cover to the 
rear of the unit, Po not remove the bottom cover, 

5* Insure the HIGH VOLTAGE SWITCH on the NIDA 206 Aniplifler is ''off/' 

6, Turn the SPEAKER SWITCH located on the jpper right corner of the 
Amplifier front panel to "off,'* 

7* You will be working with three different amplifier circuit config- 
furattons in thts experiment. Refer to the schematics in the back of 
thr N!DA 206 Technical Manual^ and compJet$,^e^'foHowIng statements. 



a, PC206-6 Is a commgn---^" 



{w 1 1 l/wi I l^or^ Invert the input stgna!. 



amplifier. This amp^'^fier 



^'br ' PC206"7 is a cpmmon 



amplifier, Thts amplifier 



(w Ml/will not) invert the input signal, 

c, PC206'8 Is a common amplifier. This amplifier 

(will/will not) Invert the input signal, 

NOTE: Perform the following steps as appropriate for one 
amplifier card at a time. 

When you complete the experiment for PC 206*6» rettrn to step 5 
and repeat the procedutfe for PC206-7 and PC206'*8, 

8, Plug the printed circuit board PC206-*6 Into the Amplifier at J2 and 
J3, Insure the pin numbers for J2 and J3 match up with the jack numbers 
on the PC board, 

9, Usfng the BNC to phone plug cable* connect the BNC end to the TEE 
connector at the oscilloscope external trigge)* input. Connect the 
phone plug to the Input Jack on the front panel of the amplifier chassis 



SO 
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10. Using a IX probe» connect channel of the oscilloscope to pin 
03 of the ?C Board. 

U. Using the other IX* probe » connect channel '*6'* of the oscilloscope 
to pin' #7 of the PC Board. 

12. Plug tn and energize the NIDA 206 Amplifier. 

13- Set potentiometer RI7 on the Amplifier chassis (located to the left 
of the PC Board) as follows: ' 

a. PCZ06-:6; Rt7 fully counter clockwise^ then Wh turn clockwise. 

b. PC206-7; RI7 fully counter clockwise. 

c. PC206-8; Position does not matter. 

• « ' 
lA. Set the **AUDlO OUT** con;:rol on-the signal generator for .2V peak-to- 
peak at the amplifier Input (measured on channel "A**). 

* ^ m 

15* PC206-6 ONLY " Check the signal at the amplifier output (Channel 
"B"). tf the sine wave is flattened at the top^ turn R17 slightly 
counterclockwise until a **clean** sine wave is obtained. If flattened 
at the bottom^ turn R17 clockwise. If the sine wave Is flattenecl at 
both top and bottom reduce the signal input to the amplifier from the 
signal generator - you are overdriving ^t. 

16. Calculate the voltage gain/loss ratio and the phase relationship 
of Input. and output for the amplifier and record below. 

PC206-6 ' ^ PC206'7 PC206-8 

a. Gain/Loss (gain/loss) (gain/loss) (gain/loss) 

b. Phase Inversion Cyes/no) (yes/ no) (yes/no) 

c. Ratio 



17* Oeenergize the NIDA 206 Amplifier. Go back to step 5 and repeat 
the procedure usln-g PC206-7 and PC206-8. 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. (F YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR 
SETTINGS AND PROCEDURES.. IF YOU STILL HAVE A PROBLEM, SEE YOUR 
LEARNING SUPERVISOR. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS 
GIVEN AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL IN THIS EXPERI- 
MENT, REPLACE ALL THE COVERS AND RETURN YOUR EQUIPMENT TO ITS STOW- 
AGE, THEN PROCEED TO THE PROGRESS CHECK. 
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PROGRESS CHECK 



Basic Transistor Amplifier Configurations 
1, Identify by labeling the circuits illustrated below: 
A. 



INPUT » 




C. 



B. INP4Jt o 




►H2 



>OUTPUT 



OlttPUt 



2. hatch the amplifier configuration to the amplifier function, 
(Some answers may require more than one letter.) 



FUNCTION 

1. Provides phase 
tnvers ion 

2. Used 5S impedance 
f"^tch!n9 device 

3. Most cor^nly used 
configuration 



CONFIGURATION 

a. CB 

b. CE 

6. CC 



CHECK YOUR RESPONSE? WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSVCRS, PROCEED TO 
LESSOH V. 
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EXPERIMEMT 
LESSON V 
PART 1 



Transistor Amplifier Analysis 



In lesson V you learned that a transistor can be biased so It 
ui) I not conduct (cu; off)» and it can bo biased to fu)t conduction 
(saturation). Ypu also learned that a transistor could be biased 
so any portion of the input signa) could be amplified. The tv^ 
classes of operation were class A^ where the full input signal is 
anplified^ and class B» where only half of the input signal would be 
anpltfied. In this experiment you wtll see and measure these conditions 
using an oscilloscope. 

£quipf>ent Required 

Device 6Fl6 templates A and B 

Osci 1 loscope 

Signal Generator 

IX Probes (3) 

m-m cable 

BtJC Tee connector 

Grounding straps (2) 
Procedure 

Turn on the signal generator and oscilloscope so they can warm up. 

Open 6rl6 training device careful ly» ensuring the name plate is 
on top so the components will not fall out. Separate the top of the 
6ri6 from the compo ent compartment. 

Place template A on the top portion aligning the holes. Place 
the following components in the space designated. 



Cdfnponent 



Space harking 



2N2I7 transistor 
2.2 Kohm res istor 
27 K ohm resistor 
100 K ohm resistor 
id K ohm F esistor 
10 K Ohm potentiometer 
10 pfd capacitor 
I Inch shorting wire 
1 Inch shorting wire 
I inch shorting wire. 
I inch shorting wi re 





pot 



CI 

C 

F 

G 

R2 
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Adjust the 10 Kohn potentiometer fully clockwise. 

Obtain a line trace on the oscilloscope according to standard 
procedures. Use Channel A only. 

Set up the signal generator according to standard procedures 
for a 1000 Hz, 5^ MOOULATIOtI LEVEL, audio signal. 

Connect the BHC Tee to the TRIGGER SOURCC input on tower 
ri'ght corn<ir of the oscilloscope. Connect a BNC-WK cable from the 
sifinal generator AUDIO OUT to one side of the BMC Tee. Connect a IX 
probe to the other side. This probe will be used to. supply a signal 
to the training device* The audio sign^-I will also trigger the 
sv/eep across CKT so that it will be synchronized with the start of the 
signal on the training device. All this means you will have a true 
picture of your signal with respect to tioe. 

Set the TRIGGER SOURCE knob to exterr&aij AC and adjust the 
TRIGGER LEVEL for a line trace, . ^ 

Connect a IX probe to channel A of the oscilloscope, sei the 
SENSITIVITY knob to I Volt/cm, and SWEEP TIME to 1 millisec/cm. 

Connect the two probes together and adjust signal generator 
Z OF MOOULATIOH for a 1 volt p-p slnewave, Oisconnect the probes. 

Set the SEfJSITtVtTY kncb for I volts/cm» Channel A AC/OC 
knob to OC^ anu align the tjrace u ^ the top vertical line on the 
face of the CRT. 

Connect Channel A's prob*> to the transistor side of the load 
resistor RL^ and its ground wire to posit ion ,*'G'*, 

K EnergtT^ the 6fI$ and record the voltage, Volts. 

2* Is ^his an indication of Cut off or saturation? 



Se' the SENSITIVITY knob "^or .1 volts/cm and measure the bias 
voltage on the base of che transistor. 

3- Record voltage reading* \ volts 

The transistor u^ed is ?9P> but the negat ive\ vol tage on the base 
isn't large enough to forward bl^s the transistoir. Therefore^ the 
transistor is held at cut off* With no current f^Jowing through the 
transistor there will be no vol tage drop across tlje collector resistor. 
Source voltage will be present on the collector o^ the transistor. 

Turn the potentiometer fully counter-clockwise^^to its stop, 

4, Measure the base bias voltage and record, . 



5- Measure collector voltage and record* 
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6* Is this an indication of cut off or saturation. 



You have seen that a snail voltage increase on the base caused the 
transistor to ao into saturation* The small voJtagc on the collector 
is the voltage drop across the transistor* 

Adjust the potentiometer shunt nidway between its two stops* 

Connect the audio signal to the template's AC input* 

Set the oscilloscope sensitivity knob for 2 volts/cm and the AC/DC 
knoh to AC * 



Readjust the potentiometer for a good sinewave on the face of 
the* CRT* Previously you turned the potentiometer clockwise to cut 
off the transistor^ and counter-clockwise to saturate it. Now slowly 
turn the potentiometer clockwise and observe the v^aveform on the CRT* 
J\\t* negative peaks will flatten out. The nore you turn the potentiometer 
the more the bias is lowered so that the positive peaks of the input 
signal Cut the transistor off. 

Turn the potentiometer back (counterclockwise) until the full 
sinewave appears on the CRT* Continue turning the potent iom ;ter 
counter-clockwise si owl y, 

il 

7*'| In your own v/ords explain what you see on the CRT and why? 

•ir 



\ 



I X 



Readjust zhe potentiometer for a full sinewave on Channel 'W, 



C ire bits 
you Itearne 



e designed for a specific class of operation* tn lesson V 
about two classes^ A S B. A circuit designed for clas'^ A 



ope rat ion Wf 1 1 have a bias on the trans i stor tnat wi 1 1 al low al I 
inpMt signal to be amplified* 

/connect your third IX probe to Channel "B" Inputs Set the CHANNEL 
SELECT knob to Its chopped position^ and position the second line trace 
below the amplified sinewave; increase the Channel *'B" SENSITIVITY to 
allow both signals to be seen* Set the channel **B** AC/DC knob to DC* 
Attach a IX probe to the base side of the lOOK ohm resistor In position 
'W** Adjust the SENSITIVITY knob so channel "B*s" sinewave will be 
about the same height as Channel *'A*s*'* You have the input sinewave on 
Cl^nnct '*B^'* and the amplified output sinewave on Channel **A**. Notice 
that the tw^ signals are out of phase with each other. Remember^ coiTtmon 
enitter amplifiers give phase inversion* The amplifier circuit Is now 
set ud for Class A operation* The full Input sinewave is being amplified. 
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Turn th£ potentiometer back and forth a couple of times* Channel *'B*' 
(tl)e input sincwave) increases and decreases^ and the output signal goes 
into saturation and cut off. The Input signal increases and decreases 
because the oscilloscope is monitoring the DC level (bias) on the base 
of the transistor as well as the AC signal. Turning the potentiometer 
clockwise Increased^the DC level and the input signal amplitude drove 
the transistor Into cut off during the positive portior. Turning the 
potentiometer counter-clockwise^ decreased the OC level and the input 
siqnal drove the transistor into saturation during the negative 
pes! tion . 

8. Oass A amplifiers allow ( al I/part/ none) of the Input signal 
to be anpl If led. 

For class B operation of this same circuit ail that Is needed Is 
to adjust the base bias with the potentiometer so only half of the 
input sinewave will be amplified. Adjust the potentiometer to display 
only the negative half of the output signal. 

9. Class B operation allows 90^/1 80y270''/360^ of the input 
signal to be amplified. Deenergtze the 6FI6 training device. 

In the next part of the experiment we wiU look at the complementary 
symmetry circuit. Remove the components from the Common Emitter 
Anplffier circuit and place them ,In their proper places In the 
component half of the 6FI6. Exchange template A for B» Forward 
Siased Complementary Symmetry Amplifier. Build the circuit by placing 
conponents in the spaces as marked. Place a lOOK ohm resistor in the 
position marked RIn. Set shorting wires in positions A, S, C» and G. 
Al I posit ions should be f II led. . / >i 

Connect the channel A pi^obe to the emitter side of RL with its 
ground wire to position "G**. 

Adjust the signal generator AUDIO OUT modulation to 30%» and 
connect the generator probe to the Input side of RIn. 

Connect the channel B osciUoscope probe to the input side of \ 
capacitor C1-&ierglze 6FI6 template B: Forward Biased Complementary Symmetry, 

The sine waves should be In phase, '^here Is no phase inversion with 
a conDOn collector circuity and a complementary symmetry amplifier uses 
two common collector circuits. The first Is QI , with Its collector 
tied to the emitter lead to ground through load resistor RL» 

antl the Input signal applied to the base. The second common collector 
is Q2, with Its collector connected back through position **C'* to +^ 
volts» emitter lead to ground through load resistor RL» and the input 
signal applied to Its base. The output of both circuits ;s developed 
across load resistor RL. Each circuit works only part of the time. 
Ql Is a PHP transistor; therefore^ tha negative half of the Input signal 
will cause ft to conduct^ where Q2 is a NPN type and only the posIt;,Ive 
portion causes it to conduct. The complete sinewave developed across 
RL Is displayed on Channel 
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Secure the power to the transistor circuit when rerovinQ_or replacino 
transistors^ Sudden surges of current through the transisto r co ulJ 
dfist roy it if you don't / Remove Q-K Reenergize 6F16 train.itg device. 

10* Whi^h portion of the sinewavc is missing? . 

Deenercjize SFl'i, t^^ain ing device. Replace (i-t, 
Rcnove QZ^ Reenergize 6F16 training device. 

IK Which portion of the sinev^ve is missing? * 

E"ch transistor conducts half of the tine, 

12, What class of operation is their bias? , 

If you have noticed, the output signal looks the same amplitude 
as the input signa]. Remember, with the oscilloscope you are looking 
at voltage. The Complementary Syrmetry anplifier is used in place of 
<i push'-pull anplifier to give us greater power. Speakers or headsets 
can be attached directly to the enrtters saving the cost of trans- 
formers required for a push-puli amplifier. 



CHECK YOUR RESPONSES UlTH THE ANSIVERS PROVIDED IN THE BACK OF THli BDDKLET, 
WHtN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO PART 2 OF THIS 
EXPERIMENT, THIS COMPLETES PART I OF THIS EXPERIMENT, DO NOT SECURE YOUR 
TEST EUUtPMEHT, SECURE THE 6FIG TRAINtNCi DEVICE, ANi) RETURN IT TO THE . 
CABINET, IF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YDUR SETTIf4GS 
AMD PROCEDURES, IF YDU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR, 
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LESSON V 
Part 2 



Transistor Amplifier Analysis 

This experiment will cover phase splitters and push^^puH amplifiers. 
You win be using the NlOA 202 Amplifier. The N1DA 202 Amplifier is 
similar to the N1DA 206 Amplifier, but tt does not have a bias supply 
or a high voltage supply. 

SAFETY PRECAOtIONS : 

Observe all standard safety precautions. 
EQUIPMENT REQUIRED : 

OscH loscope 
Signal generator 
NIDA 202 Amplifier 
IX Probe (3) 
8NC - 8NC cable 
BNC Tee Connector 



1. Set up the oscilloscope ror dual trace operation. Connect the 
signa! generator audio output to the EXTERNAL TRIGGER INPUT of the 
oscilloscope using the 8NC cable and 8NC "TEE" connector. Connect - 
the three IX probes to the CHANNEL "A" INPUT, CHANNEL J'B" INPUT and ' 
the "TEE" connector 

2. Set up the NIDA 102 Amplifier as follows: 

1. Remove the top cover and insure that there rs no Printed Circuit 
Card Inscal led. 

2. Remove the bottom cover. 

3. Turn the SPEAKER SWITCH to "off". 

ft. Turn the Amplifier over so the bottom. is accessible. 

3. The schematic for the NIDA 202 chassis and thft printed circuit board 
PC 202 may be found in the NIDA 202 Technical Hanual. Using the schem* 
atic as a reference^ locate the power supply input circuit components. 
With the NIDA 202 Amplifier plugged In, there Is 115 Volts AC on thess 
components, so remember where these components are^ and stay away from 
them. The Voltage is dangerous. Locate CR6 and C2 on the schematic. 
These components and all the components to the left of CR6 and C2 are 
associated with the power supply- Locate the power supply area of the PC 
board. You will not be required to work on the Power Supply now, so, 
keep clear of these components. 
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Refer to the Schematic Drawing and complete the following statements. 
^* Q2 and Its associated circuitry comprise a/an 

a. common base amplifier. 

b. phase spl Itter. 

c. common emitter amplifier. 

d. emitter follower amplifier. 

5* Transformer T2 Is used as a/an 

a. power transformer. 

b. phase spl j tcer. 

c. output transformer. 

6. Q3t Q4> and their associated circuitry comprise a 



a. complementary-symmetry amplifier. 

b. cascaded amplifier, 

c. phase spl Itter. 

<J. push-pull amplifier. 

7* Transformer T3 Is used as a/an 



a. power transformer. 

b. phase spl i tter. 

c. output transformer 

d. input transformer. 



The push-pull amplifier in the NIDA 202 is biased slightly above cutoff 
with no signal applied. This is done because transistors often have non^ 
linear gain at low signal voltages. Steps 9d and lOa In this experiment 
show the wave forms for the circuit biased slightly above cutoff {+0.6v) 
by the voltage drop across CR7 (Step 9d) and the circuit biased at cutoff 
(Step lOa). 

8. Connect the 1:1 probe from the External Trigge** Input on the Oscilloscope 
to the right side of and t^nergize NIDA 202 Amplifier. Set Signal Gen- 
erator for a iKHz Audio Out r3nd set modulation level to 2.3 v p-p as meas*^ 
ured at the right side of R-3 on the Oscilloscope with the channel *W 
probe. NOTE: Turn the volume control on the front panel fully clockwise 
(CW)> then \/H turn counter cIockwI?e (CCW) . . ^ 
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9. Energize the NIDA 202» measure waveforms^ and answer the following 
questions: 

a. What is the gain of Q27 Connect the channel "A" probe to the left 
side of R5, and the chatine) ^'B*^ probe to the right side of 

b. What Is the p-p voltage and phase relationship between the base 
Signals for 03 and V p-p phase. 

c. 'tliat is the p-p voltage and phase relationship between the co1~ 
lector signals of 03 and Qft7 V -p-p phase. 

d. Vhat is the o-p output voltage of the push-puli amplifier? 
y p-p 

10a. Deenergize and unplug the NIDA 202. Use a Jumper to short out CR7. 
Hove the Input probe (from the signal generator) to the left side of R3 
and set the signal generator output for 0.02 v p-p. (Measure on the 
oscilloscope). Reenergize the NIDA 202 and check the output. Do you now 
have a *'clean" sine wave? 

lOb. What is happening to the conduction times of Q3 and Q47 

a. When 03 conducts^ conducts. 

b. When Q3 cuts off» Qli conducts. 

c. When Q3 cuts off» ^ does not start conducting immediately. 

d. When Q3 conducts^ Qft does, not cut off at the same time. 

CHECK YOUR RESPONSES UITH THE ANSWERS PROVIDED- IN THE BACK OF THIS 
BOOKLET. IF YOUR RESPONSES DIFFER FROM THOSE GIVEN» RECHECK YOUR 
SEntHGS AND PROCEDURES. IF YOU STtLL HAVE A PROBLEM* SEE YOUR 
LEARNING SUPERVISOR. WHEN YOUR RESPONSES AGREE UITH THE ANSWERS 
GIVEN AND YOU FEEL THAT YOU HAVE MASTERED THE MATERIAL IN THIS 
EXPERIMENT* REPUCE ALL THE COVERS AND RETURN YOUR EQUIPMENT TO ITS STOW" 
A&E» THEN PROCEED TO THE PROGRESS CHECK. 
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PROGRESS CHECK ^ 
LESSON V 

Basic Transistor AmpUfter Circuit Analysi ^s 

1. When a transistor is at cutoff the 

a. transistor acts as a short circuit. 

b. output load acts as an open circuit. 

c. transistor acts as an open circuit. 

d. output load acts as a short circuit. 

2. If the voltage across a transistor is about equal to Vcc« the 
trans i stor t s 



3. If the voltage across its collector resistor is about equal to 
Vcc, a transistor is . 



Whicn of the below conditions exists In a Class A. AmpI i f Icr? 

a. Current flows through the transistor at all times: 

b. Current flows through the transistor only when a signal 
I s app 1 ied. 

c. Current bypasses the transistor when a signal ir applied^ 

d. Current never flows through the transistor. 

5. Which of the below cond it ions exi st s in a Class B amplifier? 

a. Current flows through the transistor at all times. 

b. Current flows through the tran<:istor only when a proper 
signal iS appi ied, 

c. Current bypasses the transistor when a signal is applied. 

d. Current never flows through tlie transistor. 

6. A Push-pull adipltfier proviffes 

a. high voltage gain. 

' b. high output power. 

c. large [)C voltage. 

d. current regulation. 
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7- Which of the schenatics illustrated below represents a Push-pull 
anpt i f icr? 



a « » 




OUI 






+ VCC| 















8, The function o^ a phase-splitter circuit is to 

a^ provide two equal signals )80° out of phase. 

provide twoes^ial^ in-phase signals* 
c^ increase the frequency of the input signal* 
d. Increase the frequency of the output signal, 
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9* Whtch of the devices Illustrated below coufd furtctlort as a 
pliase*spl Itter? 



c. 




d. 



10. Which of the circuits illustrated below could furtctiort as a 
phase-sptltter? 



a. 



b. 



c. 



d. 







II. A complemerttary symmetry push-put) ampUfier fs a push-pull 
amp) if ier that uses 

a. two PNP trat>sistors. 

\ b. art tIPN or a PNP transistor. 

c. art HPN artd a PNP trartsistor. 

d. two )IPN trartslstors. 
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12. Which of the circuits Mlustrated below represents a complementary 
synrinetry Push-p^l) ampl if ier? 



a. . ' b. 




CHECK YOUR RESPONSES UITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, YOU HAVE COMPLETED 
THIS MODULE. tF'YOU FEEL THAT YOUR PROGRESS CHECK'RESULTS INDICATE 
THAT YOU ARE READY TO TAKE THE END OF MODULE TESTS, SEE YOUR LEARNING 
SUPERVISOR. IF YOU fEEL YOU NEEO FURTHER STUDY BEFORE TAKING 'THE ENt) 
DF MODULE TESTS, YOU MAY REVtEW.ANY PART OF THIS .MODULf. 

J 
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AV RESPONSE SHEET 
LESSON I 

Hultt Element Vacuum Tubes 



K a. b. c. d. (CIRCLE one) 

2. a. b. c. d. (CIRCLE one) 

3. a. b. c. (CIRCLE one) 

a. b. c. d. (CIRCLE one) 

5. a. . 

b. 

c. 

d. 

6. a. b.i c. d. (CIRCLE ONE) 

7. a. 

b. 

c. 

d. 



8. a. b. c. d. (CIRCLE ONE) 

9. a. b. c. d. (CIRCLt ONE) 
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PROGRESS CHECK \ 
LESSON t 

Hultl Element Vacuum Tubes 

1. A triode vacu'^ tube consists essentially of a dtode with a/an 

■ added. 

2. Electron flow through the triode Is controlled by varying the 
voUage on the 

a. plate 

b. control grid 

c. cathode \ 

d. fi lament 

3. Current flow In a triode vacuum tube will be the same current 
flow in a/an type transistor. 

4. Cutoff will occur In a triode vacuum tube when the control grid 
becomes (negative/positive) enough. 

5. Which of the following statements Is most correct? 

a. When the control grid potential Is negative enough It causes 
saturation. 

b. When the control grid potential Is positive enough It causes 
saturation. 

c. The cathode is closer to the plate than Is the control grid. 

d. The control grid In a triode Is the only element controlling 
plate current . 

6. Label the elements of the vacuum tube schematic symbol below. 

a . _ 

b. 

c. ' 
d. 
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7. The dilate/screen grid) voltage h^s the most effect on plate 
Currerit. / \ 

8. Label the elements of the vacuum tube schematic symbol below: 




9. What advantage does a f3e>itode have over a tetrode or a triode? 

a. Linear current increase^ decreased plate voltage^ extended 
frequency range. 

b. Limited frequency range^ greater ava ? lable gain » increased 
c^ate voltage. 

c. Linear current increase^ extended frequency range^ greater 
avai lable gain. 

d. Lower pow^r requi rt .nenls^ linear curren;. increases^ extended 
frequency range. 

10* The primary difference between power tubes ^^nd regt:lar njulti- 
elemcnt tubes ts 

a. that they require larger power supplies. 

b. the s'ze of the tube elerients. 

c. the size of the tube. 

d. their schematic symbols. 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
IA4EN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCtCD TO LESSON M. 
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EXPERIMEKT 
TWEKTY ONE-T 
LESSON It 
PART I 

Vacuum Tube Circuit Configurations 



This experitnoit wilt famlllartze you with some of the basic vacuum tube 
circuits and point out the tube circuit simiiariMes to transistor cir- 
cuits. 

SAFETY PRECAUTIONS ; Observe alt standard safety precautions. The NtDA 
206 Ampl tfter has a HJgh Voltage Power Supply located under the bottom 
cover, tto NOT remove the bottom cover. There ts a switch on the chassis d 
that control's High Voltage to the PC Board Plugs. 

This experiment will require you m apply high voltage to the PC Board* 
Never remc/e the PC Board unless the NIDA 206 Amplifier ts deenergi:!:ed. 
With the Anipltfier energized^ approximately -f200 VDC is applied to the PC 
Board In use. 

EQUIPMENT REQUIRED ; 

NtDA 206 Amplifier 

PC 206-1 Printed Circuit card 

PC 206-2 Printed Circuit card 

PC 206-3 Printed Circuit card 

PC 206-4 Printed Circuit card 

Vacuum Tubes Types 6C^ and 6AU6 (I each) 

Oscilloscope 

Signal Generator 

tOX probe (1) 

IX probe (I) 

BNC to BNC Cable (l) 

BNC to Phone Jack Cable (1) 

BNC "TEE** connector 

PROCEDURE ; 

1. Energize and set up the signal generator for a I KHz output. Energize 
and set up the oscilloscope for dual trace operation triggered externally 
by the signal generator. Obtain two line traces. Connect the IX probe to 
Channel "A"* Connect the lOX probe to Channel *'B*' and calibrate it. 

2. Remove only the top cover from thj NIDA 206 Amplifier. 

Note; Perform steps 3 through 7 for PC 206-1. When you '^.ve completed 
step 7^ repeat steps 3 through 7 for PC'206*2^ then go throug^^ the pro- 
cedure again with PC 206-3. reefer to the NIDA 206 Instruction Hanual for 
schematic drawings. 
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^. Install a 6C^» tube \r, the tube socket on PC Card PC 206-1 (PC206-2, 
PC206-3), Install this PC cardj_n the HIDA 206 Amplifier. Turn the High 
Voltage on. 

Caution ; When the NIDA 206 Ampttfier is energized) there wt 1 1 be -1-200 VDC 
at pin (5) of the PC Board and various components on the board. Use 
extreme caution around these potntsi 

^. Using the SNC to Phone Plug Cab)e» connect tSe I KHz signal generator 
output to the INPUT jack on the fron;: panel of the Amplifier. Connect the 
channel '*A*' probe to the PC board Input and the channel "B'* probe to the 
PC board output. Channel '*A** IX probe in:>erted Channel "B** fOX probe msei 



serted 



5- Plug in and anergic the Amplifier, 
tube warmup before proceeding. 



Allow approximately I minute for 



6. Potentiometer Rl7* located on Jhe^chassls to the left of the PC Board* 
is the bias voltage control. UsTng RI7 and the AUDIO OirT adjustment 
on the Signal Generator* adjust for maxtmum undtstorted output from the 
PC board. 

7* Answer the following questions: 

a. What Is the gatn >f thts ampUfer? 



PC 206-1 
PC 206-2 
PC 206- 3 



The tube^u$|d may not |!)r6Vid& tfi6 gsin that would be e 
. ^oes ^tifs^amptlfter Invert the signal? 



xpected from 



PC 206-1 
PC 206-2 
PC 206-3 



c. What is the transistor circuit equivalent to this circuit? 
PC 2C6-I common 



PC 206-2 common 
PC 206-3 corn(Tion 



When you have completed step #7 for one boards deei.ergl» the ampltfter^ 
remove the tube and thct PC Board. Go back to Step #3 and repeat the 
procedure using the reiulninc board(s). When you have completed the 
preceding steps for all Ithree PC boards^ proceed with the rest of the 
expe':^ment. \ 

8. Insure the amplifier's decnerglzed. Insert a 6AU6«V tube in the 
tub« socket on PC Card PC\206-^. Remove the PC Card in the amplifier 
and Install PC 206-V'., 
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9. Insert the phone plug Into the INPUT Jack on the Amplifier and connect 
the oscilloscope Channc^l "A** and "B" probes to t!)e input and output of the 
board. 

ID. Refer to the schematic and complete the following statements: 

a. The 6AU6A tube ts a 

(1) triode. 

(2) tetrode. 

(3) dtode. 
(h) pentode. 

b. PC 206-^^ is a grounded 

(1) control grid 

(2) plate 

(3) cathode 
{^) screen grid 



tyi ^ ampi If ier. 



c. The Input Is applied to the 

(I) screen 

i) 



grid. 



(2) control 

(3) ' .lessor 

The 



grid is grounded; the 



griJ 



Is at a high D.C. Voltage. 

(1) screen V 

(2) control 

(3) supressor 

11. Energize the amplifier and adjust the grid bias (RI7) and the Input 
signal (from the signal generator^ for maxtmun undistorted output. 

12. What I: the gain of the amplifier? [ . 

The output is (In phase/180^ out of r'>ase) in respect to the input. 

13. Disconnect the signal input to the amplifier* Using the lOX Pnobe^ 
measure and record the folto^ving DC voltages: 



a. e+ 

b* Screen grid 
c* Cathode 



d. Control grid _ 

e. Supressor grid 

f. Plate 



\h. The tube is (conduct Ing/cut-of f),' 



VDC 
VDC 
VDC 

" VPC 
"VDC 
VDC 
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CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
iF YOUR RESPONSES DIFFER FROM THOSE GIVEN, RECHECK YOUR SETTINGS ANO PRO- 
CEDURES. tF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING SUPERVISOR. WHEN 
YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL THAT YOU HAVE 
MASTERED THE MATERIAL IN THIS EXPERIMENT, REPLACE ALL THE COVERS AND RETURN 
YOUR EQUIPMENT TO ITS STOWAGE, THEM PROCEED TO EXP. TWENTY ONE T-ll-2. 
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EXPeRIHENT 
LESSON II 
Part 2 



Operation of the TV-7D/U or TV-10D/U Tube Tester 

This experiment will familiarize you with the operation of the tube tester 
and allow you to practice testing tubes with the equipnient. 

SAFETY PRECAUTIONS : 

Beware of «;att1ng burned by hot tubes! The filaments of the tube sometimes 
cause the glass envelopes to become extremely hot after test. Care should 
be taken in ranovlng the tube from the tester, 

EQUIPMENT REQUIRED : 

1. TV-7D/U or TV^IOD/U Tube Tester with instruction manual, 

2, Box of oractice tubes. 

PROCEDURE : 

K The operation of this tube tester is describee* in the following 
places. 

a. Audio Visual presentation 21 T-IIL 

b. Instruction Manual located in the cover of the tube tester, 

2, Familiarize yourself with the operation and location cf the switches 
of the tube tester by using ^jither one or both of the sources of information 
listed above, 

3, Test the 5687 tube (if you have already tested this tube In the AV 
package^ go on to step 4,) 

4, Test the remainder of the tubes in the box. Use the answer sheet 
below, DO NOT PROCEED WITH REST OF THE CHECKS IF A SHORTED CONDITION EXISTS. 

ENSURE THAT YOU TEST EACH TUBE FOR SHORTS BEFORE CHECKING EMIS^SION, 

I t 

good/bad j 
nood/bad i 
aood/bad \ 
good /bad 
qood/bad 
good/bad 



TUBE TYPE SHORT EMISSION GAS 
5687 



ts 
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CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED QH THE SHEET INCLUDED WITH 
Th£ box 6F TUBtS. IF VOUr RESPONSES DIFFER from THOSE fi!VEN, RECHfCK VOUR 
SETTINGS AND PROCEOURESv IF YOU STILL HAVE A PROBLEM, SEE YOUR LEARNING 
SUPERVISOR. WHEN YOUR RESPONSES AtiREE WITH THE ANSWERS GIVEN AND YOU FEEL 
THAT YOU HAVE MASTEREr> THE MATERIAL lU THIS EXPERrMCNT, REPLACE ALL THE 
COVERS AND RETURN YOUR EOUIPMEKT TO ITS STOWAGF, THEN PROCEED TO THE 
PROGRESS CHECK. 



II 
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PROGRESS CHECK 
LESS0t4 II 

Vacuum Tube Circrit Configurations 

1. A grounded-cathode tube configuration can be compared to ;»/an 

, transistor configuration. 

2. Input signals to tube circuits are usually (smaller/larger) thc^n 
the input signals to transistorized circuits. 

3. The grounded*cathode configuration has 

a. good voltage gain and peer power gain. 

b. poor voKo^e gain and poor power gain. 

c. poor voltage gain and good power gain. 

d. good voltage gain and good power gain. 

<». The grounded-grid tube configuration is cotnperabte to the 
transistor configuration. 

5. A grounded*gr id circuit has a (smaller/larger) voltage gain than the 
grounded*cathode amplifier. 

G. The cathode follower configuration ts^comparable to the 

transistor configuration. 

7. Push-pull circuits are used ^s 

a. power amplifiers. 

b. impedence amplifiers. 

c. input ampi If fers. 

d. voltage regulators. 

6. Which of the output signals shown below would you expect from a 
grounded-cathode circuit? 
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10. Which of the output sign«)ls M lustrated ^low would you expect to see 
from a grounGed*gr Id aiapUfter? 




/ 



^ C| > 1 



» /\ I lOv 

V-._L 



-100¥ 



IK WhicKof the output signals illustrated below would you expect from a 
cathode-foi tower? 




4« 



^\ f lOv 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET, 
WHtN YOUR ANSWERS AGREE WITH THE A^'SWERS, PROCEED TO THE HDDULE TEST. YOU 
HAVE HOW COMPLETED THIS MODULE. IF YOU FEE' THAT YOUR ptlOGRESS CHECK 
RESULTS INDICATE THAT YOU ARE READY 10 TAKE THE EWD OF MODULE TESTS, SEE 
VOUR LEARNING SUPERVISOR. IF YOU FEEL **0U NEED FURTHER STUDY BEFORE 
TAKING THE ENDOF HOOULE TEStS, YOU MAY REVIEW ANY PART OF THIS MODULE. 
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AUDICi«^VISUAL RESPONSE SHEET 
LESSON I 

Functional Anaiysis of Basic Oscillators 



AHGWER ALL QUEStlONS FOR THIS STATIC/MOTION PROGRAM ON THIS 
RESPONSE SHEET. 

What does an oscillator circuit do? 

a. Change the AC Input into a OC output. 

b. Produce a given frequency at constant amplitude, 

c. Changes the OC Input Inlo a higher amplitude D. C. 

d. Acts the same as a power supply. 

2. Dane three essential circuits of a basic oscillator, 
a. 



b. 



c. 



3. Why ts the tank called the heart of the oscillator? 

a. The tank converts AC to DC. 

b. The tank estabi Ishes the output v^veform. 

c. The tank establishes the frequency of the oscillator. 

d. The tank determines the frequency of the Input. 

What is the function of the amplifier In the oscillator? 

a. The amplifier decreases the tank's output to prevent waveform 
distortion and provides energy for the feedback circuit. 
' b. The amplifier Increases the tank's output to a level sufficient 
for equlpmOTt operation and prevents energy from entering the 
, feedback circuit. 

c. The amplifier decreases the tank's output to prevent waveform 
distortion and also prevents energy from entering the feedback 
circuit* 

d. The amplifier increases the tank's output to a level sufficient 
for equipment operation and provides energy for the feedback 
circuit. 

5« What Is the function of the feedback circuit? 

a* The feedback circuit maintains oscillations In the tank, 

b* The feedback circuit provides a means for changing the oscrlUtor's ^ 
frequency. 

c* The feedback circuit amplifies the oscillator output, 

d. The feedback circuit f^'ids the oscillator output to the power 
supply* 
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PROGRESS CHECK 
LESSON I 

Functional Analysis — Basic Oscillators 

1. The function of a basic oscillator circuit is to 
«. convert AC to DC. 

b. convert DC to a desired AC frequency. 

c. ^supply the Audio Amplifier with the proper K voltage levels. 

d. filter the DC variations from the power supply. 

2. The tank Circuit establishes the of the basic oscilJator 

circuit. ' 

a. voltage 

b. current 

c. frequency 

d . powel* 

3. State the two functions of the amplifier in a basic oscillator 
circuit: 

a. 

b. t 

4. The feedback loop in a basic oscillator circuit will: 

a. sustain oscillations. 

b. feed energy back to the power supply. 

c. provide proper bias. 

d. establish oscillator frequency. 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THiS BOOKLET. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEEO TO LESSON II. 
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AUO)0-V)SUAL RESPONSE SKEtT 
LESSON t ) 

Para I lei Resonant Circuits 



ANSWER ALL QUESTIONS OH STATIC/MOTION PROGRAM TWENTY TWO-H ON THIS 
RESPONSE SHEET. 

K Select the most correct definition of the flywheel effect* 

a« The. reduced amplitude of the oscillations due to internal 

tosses in the tank* 
b* The transfer of energy between the capacitor and inductor 

at resonance* 
c* The ratio of inductance to capacitance, 
d« The actions of a tank circuit with an AC input* 

2* What causes damped oscillations? 

a* Changing frequency of the tank* 

b* The flywheel effect* 

c* Energy losses in the circuit* 

d* Improper input* 

3* What would adding parallel inductance to ^ tank do to its frequency? 

AIJS. 
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EXPERtMEKT 
USSON II 

Damped OsciUatlons 

IM THIS EXPERIMENT YOU WILL ASSEHSL^ A TANK CIRCUIT, CAUSE IT TO 
OSCILIATE, AND OBSERVE THE DAMPED UAVEFORH. 

Equtpnent Required 

Device 6FI6 
Template C 
Oscilloscope 
IX Prqbe (2) 

Procedure 

This oscillator (template "C") ts tKe one yojJ wilj ^se for experiment 
Twenty TwD'IV. For this experiment v,^ will only need to use the tank 
circuit. (Lt« C3) 

insert the I mh choke Jn LK , 
Insert the «I0 pf capacitor for C3. 



I Hh > 



1 
I 



I ijf 



The CALIBRATOR OUTPUT of the oscilloscope can be used as a switch. 
It first puts out a positive voltage then switches to a negative Voltage 
at a 1 KHz rate. 

Using this^ signal to start oscillations we should be able to see the 
damped oscillations* 

Oscilloscope Set Up ^ < 

c a. CALIBRATOR switch to 5 ^ 

b. Channel A SENSITIVITY (volts7cm) to .2 

c. Sl/EEP TIH^ to 0«t millisecond/cm 

Connect a IX probe to the CALIBRATOR I KC VOLTS OUTPUT JACK. Connect 
the probe tip to the top of the tank circuit (top of Ll)« Connect the 
probtt ground clip to the bottom of the tank circuit (bottom of U). 

Connect a IX prpbe to the Channel "A" INPUT jack. Connect the probe 
tip to the top of the tank circuit (top of C3) . 

Observe the waveform and note the damped oscillations each time the 
input signal switches. 
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ir YOU 00 !)0T SEE THE OAMPED* V?AVEFORM» REChECK YOUR SETTINGS AHO 
PROCEDURES. IF YOU STILL HAVE A PROBLcH» S£E YOUR LEARNING SUPERVISOR. 

WHEN YOU' HAVE OBSERVED THE DAMPED WAVEF'DRM» PROCEED TO LESSON il 
PROGRESS CHECKS. 
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* 

PROGRESS CHECK 

LESSON M ^ 

Par.-altel Rgsonant Circuit s 

1, Identify the type of waveform generated by a tank i^ircuJt' 

Be A ' ^• 




2.. What Is meant by the i«rtn dafnped osciUatlons? 



3. If the Value of capacitance Is Increased in a tant^ circuit, the 
resonant frequency will (increase/decrease) . 

4. If the value of Inductance Is increased In a tank circuit, the 
resonant frequency will ( Ipcrease/decrease) . ^ 



CHECK VOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
V/HEH YOUS RE5P0NES AGREE WITH THE ANSWERS, PROCEED TO LESSON III. 
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( LESSON n ! , . , . 

Frequftncy Measurement j J ,, sirtg An Oscilloscope 

Equ i pmen t Regu i red ' 

1. Os Mloscope 

2. Test signal box- Hqdel mul t igener^itor 

3. Coaxial crble with BNC connectors 

SAFETY .r^ECAUT IONS: OBSERVE ALL APPL ICABLE SAFETY PRECAUTIONS 
Procedure 

1 . Obtain^a 1 ine tr^ce* ' 

2. Connect one end of the BHC coxsal cabU to Channel A of the 
oscilloscope and the other end tc Output ^\ of the test 
signal box. 

3. Adjust the SWEEP TIME control to obtain t^^e fewest c omplete 
cycles on the 'osc 1 1 loscope. 

SWEEP TIME setting \ 

^/ Hove the TRIGGER LEVEL control in the negative direction. 

Vfliat happens to the starting point of the waveform? 



5. Adjust the TRIGGER IjlvEL control so that the length of otic 
Cycle of the waveform^can be easily measured. Count the number 
of centimeters th« one complete cycle covers. 

cm. 

NOTE: At times, it may be helpful to use the H0RI20HTAL and/or VERTICAL 
positfoning controis to mo^'e easijy "sight" the dimensions of the waveform 

6. To obtain the period of the waveform* mul tiply the number of 
centimeters by tbe st^ttting of the sweeptime control* 

^ cm X /cm * . 
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7. Using the equation F = t/t^ sutstitute the time of the period Into 
the equation and carry out thz indicafid, operations. 



F - 



0. Disconnect the coaxUt cable fror^ output #^ 1 and connect it^ 
' to output #3 of the test sfgndl hex. ^ - 

9. Obtain the fewest cycles on the oscilloscope. 

SWEEP T(HE setting 



10. Calculate the period of one cycle. 

period " i 

11. Whai is the frequency o^'thls waveform? 



12. Connect the coaxial cable to output ^ 5^ 
What is the frequency of this waveform? 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED tM THE 8AC»f OF THIS 
BOOKLET. WHEN YOUR RESPONSES AGREE WITH THE ANSWERS. PRCTEEO TO 
THE progress: checks, if your responses DIFF^f^ FROM THOSE GIVEN, 
RECHECK YOUR SETTINGS AND PRDCEDURES. IF YOU STILL HAVE'A PROBLEM, 
SEe-VOUR LEARNING SUPERVISOR. 
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PROGRESS CHECK 
' LESSON )M 

Frequency Measurement Using An Oscfnoscope 

K The complete sequence^ of events -In a waveform Is called a 



2, A 



Is the tine required to complete one cycle. 



3* wavjeform's <:ycle Kfen be measured from which points? 

9 a* trough to trough ' , ^ 
crest to crest ■ * - 

c* leading edge to leading edge 
d* AH of 'the above 

Calculate the frequency In the below examples* 

■ . . i 

a* Period " 50 msec Hz 

b* Period = 200 Msec - Hz 

c-* Period ^ 17*5 Msec Hz 

5* The . ' al lows you 

to select tne number of cycles displayed on the oscilloscope* 



6* The 



a I lows you to 



move the starting point In either a positive or negative dtrectiort* 
7* What Is the frequency of the below waveform? 
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8, What ts the frequency of the this waveform? 



Twenty TwO'^t 1 1 

























4fN- 










-M4+ 


























■H+l- 










-1 


- > 












F = 



CHCCK YOUR RESPONSES WITH THE AtlSWERS PROVIDED (H THE BACK OF THIS 
BDOKLET. \WEN YOUR RESPONSES AGREE UlTH THE ANSWERS, PROCEED TO . 
LESSON (v; 
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AUOtO VISUAL RESPONSE SHEET 
LESSON tWPART I 

8AS)C OSCILLATOR OPERATION 



ANSWER ALL QUESTIONS IN STAT t C/MOT 1 ON PROGRAM TWENTY TWO-IV-I ON THIS 
RESPONSE SHEET ^ 

1. A ' 8' C 0 (C-ircle One) ^ 

2. A* 8 C 0 • (Circle One) 

3. A 8 C 0 (Circle Orfe) 

4. List the components that make up each of the functional part of the 
Colpltts osci I lator. * 

ANSWER 

Tank 

Ampliftcr ; 

' Stabll tzatton/Btas Network 

Feedback * 

5* LUt the components that detemntne the frequency of oscillations In 
the circuit shown* (Cl^jpp Oscillator) 

ANSWER 
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EXPERUtEtfT 
USSOM IV 
PART I 



OscHlator Operation 

The c^ratton of an oscillator circuit will be Investigated In 
this section of the experiment* Yo^^ will build an actual oscillator 
circuit and make appropriate measurements to verify that the circuit 
operates according to theory* 



Equipment Re<^ 

Device 6FI6 
Oscilloscope 
I OX Probe 

Procedure 



1* Using all applicable safety precautions^ energize the 
oscilloscope* 

a* Obtain a line trace* 

b* Set the :»ENStTIVITy control to 1 volt/centlmeter* 
c« Set the' SWEEP TIME control to I microsecond/ 
centimeter* 

d* Connect a lOX probe to the Channel A INPUT Jack* 

2* Set up the 6FI6 transistor trainer as follows: 

a* Using template C» Transistor Osclllator« assemble the 
circuit Illustrated below* 
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\ 

\ 

b. Looking at the potent tometer from t}ie knob stde rotate the 
potent1omter» Rl , to the fully counter-clockwise position. 

c; Connect the lOX probe to the output of the oscillator. 
* Connect the ground lead to point A on ^the osctUator. 

d. Energize the oscillator by connecting the power cord of 
Devi^ 6FI6 to a 117 volt, 60 Hz source. 

e. Rotate the potentiometer Rl clockwise to obtain tfie least 
distorted sine wave on the oscilloscope screen. (Note: If 
the pot Is turned too far, oscillations will stop,.) 

Calculate the frequency of the waveform displayed on the oscilloscope 
screen. 

Ans. 



The feedback path for "this oscillator Is provided through 
Capacitor CK Remove CI from the circuit and ohserve what 
happens to the waveform displayed on the oscilloscope c^creen. 
Notice that the waveform dies out too quickly to observe the / 
damping effect. (Replace capacitor CI Into the circuit before 
cont Inu Ing.) } 

Replace the 100 uuf tank capIcUor, C3, with a 500 uuf capacitor. 
Re^adjust potentiometer Rl to obtain tKc best sine wave on the 
oscilloscope screen. Calculate the rrequency of the waveform now 
displayed on the oscilloscope screen. 

Ans. 



a. You Increased the value of the tank capacitor, C3. Did the 
frequency of oscfl lations increase or decrease? Is this 
consistent with theory? 

Ans* 

(Insure that tank capacitor^ C3» Is replaced with the 100 wf 
capacitor jbef ore continuing). 
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6< Replace the 1 mh tank Inductor, l), with a 2.5 mh Inductor* 

Again re^adjust potentiometer Rl to obtain the best sine wave on 
the oscilloscope screen* Calculate the frequency of the waveform 
displayed* 

Ans* 



You increased the value of the tank Inductance. Did the 
frequency of oscillation increase or decrease? Is this 
consistent with theory? 

An$* 



7* Return the I mh tank Itiductor to the circuit* 

CHECK YOUK REPSONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET* UHEN YOUR RESPONSES AGREE WITH THE ANSWERS, PROCEED TO 
EXPERIMENT TWENTY TV0*IV-2. IF YOUR RESPONSES OIFFER FROtI THOSE GIVEN, 
RECHECK YOUR SETTINGS AND PROCEOURES. IF YOU STILL HAVE A PR03LEH, 
SEE YOUR LEARNING SUPERVISOR* 
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EXPERIMENT 
LESSON tV 
PART 2 

Loading Effect of Meters 

This section of the experiment will compare the loading effect of a 
VOM to that of an Electronic Voltnneter (EVH) on an oscillator circuit. 

Audio Visual: At this time you should view the audiovisual '*Using 
the AN/USM^I 16.^' There is also an jnstrjction manual that you may 
read to help you understand the operation of this particular piece 
of test equipment. 

Plug fn the EVH and turn ;t on. This EVH is turned on by use of the 
function (top) switch which has ar OFF position. When the meter Is ON 
the Power On indicator should be ilt. 

For stable operation the EVH requires about twenty minutes warm up. 

Vihile waiting for the EVH to warm up continue with t<ie first part of 
the Procedure. * 

Equipment Required 

VOH AN/PSM-A ( )/or Simpson 260 ^ . 

EVH (Electronic Voltmeter) 

Oscil luscope 

Device 6Fl6:Template C 

Procedure 

t. a. Connect the oscilloscope to the output of the oscillator. 
Leave tt connected throughout the remainder of the Job 
Sheet. 

b. Adjust the oscillator for maximum undistorted output. 

c. Use the oscilloscope to measure the RHS value of the output 
sine wave (RMS Is 0.707 times peak) 

Ans. . VAC 

2. Use the VOH to measure the output of the osctUator. 

a. Set the function switch of the VOH to the OLITPLIT position. 
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b. Start wtth the 5D volt scale and record the AC volts in the 
space provided for each setting of the meter. 



50 V Scale 
25 V Scale 
10 V Scat« 
5 V Scale 



VAd 



VAC 



VAC 



3. With the VOH set on the 5 V scale adjust the"^oscitlator for 
maxlinum output. Notice how much the meter loads tlie circuit. 

4. When you connected the VDM to the output, of the oscillator 
what happened to the frequency of oscillations? 

The frequency ^ 



5« Now measure the AC voltage at the output of the ositMator wtth 
the EVM* See Notes below* 



a« 



Ads 



VAC 



How does this value contpare with the value measured by the 
oscil loscope? 

b* ' . 

c* Dtd the EVH change the frequency appreciably? 



Note: It ts suggested that this neasu'rement be made wtth the meter set 
for 30 VAC« The 30 VAC scale ts read or) the black 3«D volt graduations* 
Refiiember to zero the nteter wtth the ZERO ADJUST before taking the 
fneasurentent* 

Note: The ground dtp on the AC probe should be connected to ctrcutt 
common* (ground)* 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS 
BOOKLET* WHEN YOUR RESPONSES AGREE WITH THE ANSWER. PROCEED TO 
EXPERIMENT TWENTY TWO-IV-3* ^F YOUR RESpONSFS DIFFER FROM THOSE 
GIVEN, RECHECK YOUR SETTINGS AND PROCEDURES* IF YOU STILL HAVE A 
PROBLEM, SEE YOUR LEARNING SUPERVISOR* 
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EXPERtHENT 
LESSON tV ^ 
Part 3 

Troubleshooting Oscillators 

This experiment witl demcxistrate the principles of operation of two basic 
oscillator circuits * 

U Colpitts Oscll lator 

2. Armstrong Oscillator 

SAFETY PRECAUTIONS : 

Beware of all open and bare connections on the NlOA 203 Oscillator* Re- 
member^ even low voltages can KILL l 

Equipment Required : 

I. NtOA 203 Audio Oscillator 
PC203-2 Printed Circuit Card 
PC203-5 Printed Circuit Card 

2t Oscilloscope 

3. IX Probe 

4. 8NC - 8NC Cables (2) 

5* ^8NC "TEE" Connector (I) 

6« NlOA 203 Audio Oscillator Instruction Manual 

Procedure : ■ - 

\* Energize and set up the oscilloscope for dual trace operation 
with an EXTERNAL TRIGGER input. 

2* Uslng^the two 8NC, cables and the 8NC "TEE" connector^ connect the 
NtOA 203 OscUlator output (BNC Jack on the front panel) to the 
EXTERNAL INPUT and CHANNEL A of the osctlloscope. 

3< Connect the IX Probe to CHANNEL 8 of the oscilloscope. 
Ensure the_CHANNE^^^^ 
Tins proBe will be used later In the job sheet* 

Place the CHANNEL '*A** POURITY SWITCH to the "-UP" position. 
This will enable you to see the proper phase of the oscillator 
output signal. 
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> 

NOTE; The output signal of the oscillator is inverted I80'' by an 
output amplifier in the NlOA 203 Oscillator. The CHANNEL "A" 
POURITY SWITCH on the osciHoscope in the '"-UP*' position allows 
you to invert the Oscillator's output another ISO''^ displaying 
the true output phase of the Oscillator. 

5. Remove the top cover of the Oscillator. 

NOTE; Perform the following procedures for the Colpitts Oscillator 
(PC 203*2) ^ then» after step come back to step 6^and repeat the 
procedure using the Armstrong Oscillator (PC 203-5). 

6. Insert PC Board 203*2^203*5) into the NIDA 203 Oscillator chassis. 

7. Plug in and energize the oscillator. 

8. Rotate the anipHtude oMitrot on the front panel of the Oscillator 
. fully "clockwise." Oisregard the multiplier and frequency con- 
trols. These controls have no effect when using the PC 20^-2 and 
PC 203-5 boards. 

^ Refer to Figure 5*9 In the NlOA 203 Instruction Manual during this 

experiment. 

9. Measure and record the period of the output signal. 

PC 203*2 seconds. 

PC 203*5 seconds. 



10. VAiat Is the output frequency? 

PC 203*2 Hz 

PC 203-5 . Hz 

11. What type of ampi if itfr Is u$ed {n this circuit (common base* 
coimon collector* common^ emitter) 

PC 203-2 

PC 203-5 



12. Measure the phase relationship between the output signal and the 

feedback signal to the base of Ql. ( Conne ct^chann el "B" t o 

the_am|xl-if4«f-inputi — ehanne1~**A**ni" njeasurTng the^ osc 1 1 1 a tor ' s 

output.) * - 

PC 203*2 (In phase/90** out of phase/l80^ out pf phase/270*' out of phase) 
PC 203*5 (In phase/90^ out or phase/ISO"" out of phase/270*' out of phase) 



1M 



114 



EXP. 

a 



Twenty Two IV- 3 



n. What components of the circuit determrrie the oscillator frequency? 

PC 203-2 , 

PC 203-5 » » 



14. Deenergize and unplug the Oscillator and remove the PC card. 

15. ' Go back to step # 6 and repeat the procedure using PC Board 203-5. 

CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDED IN THE BACK OF THIS BOOKLET. 
IF YOUR RESPONSES DIFFER FROH THOSE GIVEN» RECHECK YOUR SETTINGS AND PRO- 
CEDURES. IF YOU STILL HAVE A PROBLEH, SEE YOUR LEARNING SUPERVISOR. 
WHEN YOUR RESPONSES AGREE WITH THE ANSWERS GIVEN AND YOU FEEL THAT YOU 
HAVE MASTERED THR MATERIAL IN THIS EXPERIHENT, REPUCe'aLL THE COVERS AND 
RETURN YOUR EQUIPHENT TO ITS STOWAGE, THEN PROCEED TO THE PROGRESS CHECK. 
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PROGRESS CHECK 
LESSON )V 

Oscillator Operation 

i. The purpose of lI In Figure I is to 

a. establish the oscil lator frequency. 

b. couple feedback aiergy to the resonant tank, 
'c. couple energy out of the resonant tank. 

d. provide a DC path to ground. 




Figur* 1 

2. In figure 1, which component can be used to change the frequency 
of oscillation? 



a. C4 

b. 12 

d. CI 
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- Figure 2 

3. In figure 2» whtch Inductor determines the frequency of oscillation? 

a. LI 

b. L2 

c. L3 

4. In figure 2p the purpose of transistor (il ts to 

a. feed amplified energy to the tank circuit. 

b. feed ampHfted enc.rgy to tickler coti LI. 

c. increase the energy of the DC supply voltage. 

d. establish the frequency of oscillation. 
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5» The anpUfter and feedback path for the osctUator In figure 3 ts 
from point 

a. C, through QI, through C2, to potnt A. 

b. a, through CI, through QI, through C2, to potnt A. 

c. A, through C2, through Ql, to potnt C. 

d. A, through C2, through Qt, through CI, to potnt B. 



-Vcc 




Figure 3 

6. tn figure 3, whtch components establish the frequency of oscillation? 

a. CI, C2, C3, dl ^ 

b. LI, L2, CI 

c. ftl, CI, C3, H 

d. C3, CA, LI 
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7. The purpose of capacitor C2 In figure 4 Is to 

a. vary the frequency of oscHlatlon. 

b. adjust the bfas on transistor Ql, 

c. provide the correct amount of feedback energy. 



d. adjust the amount of output energy. 
-Vcc 




6. what test equipment should be used when measuring voltage In an 
oscillator circuit? 



a. 



b. ^ 
Why? 

c- 



CHECK YOUR RESPONSES WITH THE ANSWERS PROVIDEO IN THE 8ACK OF THIS 800KLET. 
WHEN YOUR RESPONSES AGREE WITH TKE ANSWERS, PROCEED TO THE MODULE TEST. 

YOU HAVE HOW COMPLETEO THIS MODULE. IF YOU FEEL THAT YOUR PROGRESS CHECK 
RESULTS INDICATE THAT YOU ARE REAOY TO TAKE THE END OF MODULE TESTS, SEE 
YOUR^ LEARNING SUPERVISOR. IF YOU FEEL YOU NEEO FURTHER STUOY 8EF0RE 
TAKING THE ENO OF MOOULE TESTS, YOU MAY .JEVIEW ANY PART OF THIS MODULE. 
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FOR 
MODULES 

twenty ' 

TWENTY-T 
TWENTY ONE 
TWENTY ONE-T 
TWErtTY TWO 
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ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSOR t 

Basic Power Supplies 

K Voltage^ current (either order) 

2. d ' ^ . 

3. Step the Input up or d'wn ' 

k, AC, OC ■ ' ^ . 

5. h 

6. a. Regulates the output (msintains constant oatput voltage), 
b. Couple -output to electronic equipment (load). 
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I. 



2. a. 



ANSWER SHEET 

FOR 
EXPERIMENT 
LESSON n 

In put Stage 



9 , 15. i 

2. e 16. .1 

17. b 

19. c 

20. |> 

21. h 

22. e 

23. t 

V 25. h 
13. b {new tnodeis parts 10 board) 
c (older mode) part;s ID board) 



3. c 

5. d 

6. f 
8. I 

'.0. b 

n. a 

12. h 



0,. 



1 I 




f. 




c. 



4}- 



d. 
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< .ANSWER SHEET 

; • ^"-r i FOR 

PROGRESS CHECKS 
' > ; USSOM II 

Input. Sta ge , , 

t. Connect 5htp*5 stpply into ^^^ower supply 

2. a, d, e .J 

3. Provide overload* protection 

4. a. Ctrcutt breaker 

b. Indicator lamp 

c. Fuse 

d. .Switch 

5. Turn power supply on or off 

6. Indicate power on condition 
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ANSWER SHFrV 

FOR ' 
EXPERrHENT 
LESSOtl 1 1 ) 

Input and Transformer Secondary Stages 

3a. 3*10 Vp-p ^ I0» 

3b. 170 V - lot 

3c.' 120 VRHS - \0% (Remember; RHS voltages is 0.7 times peak voltage.) 
3d. 120 VAC - \0% 
k». 3*0^ Vp-p 
4b. No 
5. Yes 

6a. 340 Vp-p - \0% 

6b. (2) The primary winding of transformer T-l. 
6c. Yes 
6d. No 
8a. No 
8b. Yes 

lOa. 100 Vp-p - 10% ^ 
lOb. Yes 
II. No 

12a. Approximately 3.^ - I 
12b. Step-down eransformer. 
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ANSWER SHEET 
PROGRESS CHECK 

LESSON rrr 

Power Supply Transformer Secondary Stage 
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ANSWER SHEET 
FOR 

EXPERIMENT^ 
LESSON IV 
PART ) 

Power Supply Rectifiers 



Twenty- IV- I 



#26 Low 61 on 

#27 Low 200£) 

#28 Low 00 

#29 Low 28on- 



High » 
High « 
High on' 
High « 



#26, 1: « #27, I: « #28, I: I #29, 1: « 

no 
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ANSWER SHEET 
, FOR 

PROGRESS CHECK 
LESSON IV 

Power Supply Rectifiers 

1. Hatf wave 
Bridge 

Ft: It wave 

2. b 

3. a 

-10 

+10 - 
Bridj"^ 0 

-10 

+10 

Full 

-10 
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ANSWER SHEET 
FOR 
EXPERIMEHT 
LESSO* V 

Power Supply Recttfters and Filters 



5. (I) CRI only 

6. . - 



1 








■\ 
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45 Vp-p + lOi 



7a. 
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jjS Vp-p + I oi 



7b. (3) both the positive and negative alternations of the AC input 

7c. twice as many 

8. 27 VDC + IOi» .05 DC AMPS + lOi 
11. 













































m 


tttt 





































45 VDC + lOi 
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Twenty 'V 



12. ^3 VDC + 10* .075 DC AMPS + 10* 
decrease; increase (in that order) 

I^. Posi _ ttve sirfe of the CI must be jumpered to ground to discharge CI 
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A.S.(P.C.) - Twertty-V 

ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON V 

^ Power Supply Fi l ters 



2. Choke 



I2S 
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A.Sv(P.C.) " Twenty-VI 

AHSWCR SHEET 
FOR 

PROGRESS CHECKS 
LESSON Vt 

Power Supply Regulators 

Iv Maintain constant voltage out regardless of current load 

2. Increase 

3. Increase 
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Twenty-Vtl 



ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON VI I 

Power Supply Output Stage 

25.5 VDC * lot ; .06 DC AMPS + \0% ' 
6a. 28 VOC +\0% 
:8a. toVOC +\0X 
8b. 27 VDC 4^I0X 
8c. 13 VDC +\0% 
8d. .13 OC AHPS +}0% 
8e. .06 OC AHPS +}0% 
9a. .07 DC AMPS +}0% 
tla. 27 VDC +\0% i .08 OC AMPS i}0% 
lib. Ho 

U. Decreased 

12. ERI 13 VDC IRl .13 DC AMPS ICRI .OS DC AMPS 
I4a. 21.5 VOC +10*; .185 OC AMPS +10* 
1 4b. yes 
14c. yes 

15. ERI 18.5 DCV +10* IRl .185 DC AMPS +tO* ICRI 0 DC AMPS 

NOTE: Tolerance of the DC AHPBtES meter may give an erroneous reading 
of as much as 50 mEIUamps. If on step 15 tCRI has up to 50 niEIIEamps 
through Et, Et can be attrEbuted to '*slop" En the DC AMPERES meter. 



c.) 

ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON VII ^ 

Power Supply Systems Concept 

Loading effect (or Just "loading") 

Intertoad ing ' 

Increase or decrease 

a* Current In fixed branch will change 
b. Loading effect 

Add a regulator or a zener diode 
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ANL-^ER SHEET 
FOR 
EXPERIMENT 
LESSON I 

Transistor tdent i f ication 

i. a. 32 

b. 30 

c. 31 

d. IV 

e. _31_ 



COMPONENT 


TRANSISTOR 




-B 


B-C 


E-C 


EBC 


NUMBER 


NUMBER 












30. 


2N1893 


30. PN 


HIGH 


NP HIGH 


NP LOW 


NPN 






NP 


LOU 


PN LOU 


PN HIGH 




31. 


2Nn83 


31 .PN 


LOW 


NP LOU 


: NP HIGH 


.PNP 






NP 


HIGH 


PN HIGH 


PN LOW 




32. 


2N3055 


32. PN 


HIGH 


NP HIGH 


NP LOW 


NPN 






NP 


LOU 


PN LOW 


PN HICH 




33. 


2N2222A 


33. PN 


HIGH 


NP HIGH 


.NP LOW 


NPN 






NP 


LOU 


PN LOiif 


PN HIGH 




3^. 


ECGIOS 


3A.PN 


LOU 


NP LOW 


NP HISH 


PNP 






NP 


HIGH 


PN HIGHi PN LOW 





^ NOTE - Directions must be followed exactly to obtain readings as given 



Your resistance readings may not be exactly like those above, due to 
difference in interpretation of meter readings and manufacturing tolerances; 
however^ they should be fairly close* If not, recheck your readings* 




A.S.(P.C.) 



Twenty One- I 



ANSWER iHEET 
FOR 

PROGRESS CHECKS 
USSON I 

Basic Transistor Theory 

1. c 

2. The voltage across Rv Increases * The current through Rv decreases * 
'3. b 

A. 1-b; 2-c; 3-a 
5. c 

6^ 2-NPH 
5-PHP 

7. b 
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Twenty One- 1 1 



1. c 

2. c; f 

3. b 

4. 0.)5v 

5. c 

6. b 

7. b 

8. c 



ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON )) 

Transistor Biasing 



V 
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AMSWER SHEET 
FOR 
EXPERIMENT 
LESSON in 

Transistor Ampltfier Functional Analysis 



1. 


{-) negative 


2. 


yes 


3. 


PNP 


A. 


Oma 


5. 


Oma 


6.- 


.04 ma . 


7. 


3.7 tna 


8. 


92.5 


9. 


Increase 


10. 


5 volts 


II. 


8 volts p-p 



aeadrng may not be exact* because of differences tn training devices. 
However your readings should be fatrly close to those above. 
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ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON III 

Functional Transistor Amplifier Functional Analysis 

). To control a targe current with a small input signal (or words to that 
effect). 

2. 1-b, c 

2- a 

3- b, c 

3. a. Resist ive-capacit ive; 
b. Transformer 

4. b 
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-Twenty One 



ANSUtR SHEET 
FOR 
£X:"FR1MEHT 
LESSON Iv' 

Trans tstortzed Agnpltfter Ctrcuits 



7a. Common emttter ampltfier, wMI Invert the Input stgnel. 

7b. CotnmcMi collector anyltfter, wl 1 1 not Invert the Input signal. 

7c. Cofflmon base antpl if ter, wtll not Invert the Input signal. 



16a. 



PC206-6 
gain 



PC206-7 



PC206-8 
gain 



loss ~ 



16b. 



yes 



no 



no 



i6c. 



1:100 



1:6 



US 
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Twenty One- IV 



ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON IV 

Basic Transistor Amplifier Configurations 

1 . a. common-emitter 

b. copmon-base 

c, common-col lector 

2. 1-b 

2- c 

3- b 
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ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON V 
PART I 

Transistor Ampltfier Analysis 

1. -8.0 volts 

2. cut off 

3. volts 

4. -.16 volts 
5* •^.l volts 

6. saturation 

7. Positive portion* flattened out* the potentiometer raised the bias 
to where the input signal drove the transistor Into saturation (or 
words to that effect). 

8. all 

9. 180^ 

10. Negative 
n. Positive 
12. *'B" 

Your answers may not be exact due to component tolerances* power 
supply variatlonns* and aging of components. You should find* 
however* that the voltage relationships clearly indicate the 
circuit conditions. 
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ANSWER SHEET 
FOR 
EXPERIHENT 
LESSON V 
PART 2 

Tranststor AtnpHfter Analysis 
'4. (c) connon emitter amplifier. 

5. (b) phase splitter. 

6. (d) push-pull amplifier. 

7. (c) output transformer. 
9a. 1,000 r 10* 

9b. .5 V(p-p), 180° out of phase. 
9c. 10 V(p-p), 180' out of phase. 
9<1. 2.2 V(p-r) - 10* 
lOa. Mo 

lOb. (c) ^''hen Q3 cuts off, (ih does not start conducting ImmedtateVy. 
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Twenty One-V 



ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON V 

Basic Transistor AmpUfler Circuit Analysis 



1. c 

2. Cutoff 

3. Saturated 
A. a 

5. b 

6. b 

7. c 
6. a 

9. d 

\0. c 

n. c 

12. c 



144 




A.S.(P.C.) 



Twenty One T-l 



M\S\m SHEET 
FOR 

PROGRESS CHECKS 
LESSON I 

MuHI Element Vacuum Tubes 



1. 


control grid 


2. 


(b) 


3. 


riPN 


k. 


Negative 


5. 


(b) 


6. 


a. - Plate 

b. - Screen Grid 

c. - Control Grid 

d. - Cathode 


7. 


screen grid 


8. 


a - Plate 

b Suppressor grid 
c - Screen grid 
d - Control grid 
c - Cathode 


9. 


(c) 


10. 


(b) 
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Twenty One T-H-t 



ANSUER SHEET 
FOR 
EXPERIMENT 
LESSON U 

PART r 

Vacuum Tube Circuit Conf tgtirattons 



7a. PC GAIN 

206-1 8 

206-2 .6 

206-3 k 

7b. PC 206-1 Yes Signal Is I80° Out of Phase. 

PC 206-2 Mo Phase Shift 0°. 

PC 206-3 Mo Phase Shift 0°. 

7c. 206'l common emitter 
206-2 common collector 
206-3 common base 

lOa. (4) pentode. 

lOb. (3) cathode. 

10c. (2) control 

lOd. (3) suppressor/ (I) screen^ (tn that order) 

12. k VAC Input; 80 VAC output; P^ln iU; 180" out of phase. 

13. a. 220 VDC 

b. 100 VDC 

c. 0 V 

d. -1.4 VDC 

e. 0 V 

f. 56 VDC 

U. conducting 




A.S.tEXPv) 



Twenty One T-n-2 



ANSWER SHEET 
FOR 
EXPERIMENT 
LESSON T-n 
Part 2 . 



Operation of the TV-70/U or TV-lOD/U Tube Tester 



TKE ANSWER SHEET FOR THIS EXERCISE IS IN THE BOX OF TUBES TO BE TESTED* 
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Twenty One T 



ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON It 

Vacuum Tube Circuit Configurations 

1. comnd emitter 

2. larger 

3. (d) 

♦ 4. cofnmon base 

5. larger 

6. common collector 

7. la) 

a. (d) 

9. a - Grounded-Cathode 
b - Grounded Grid 

c - Catbot^e Follower (Grounded Plate) 

d - Pu-sS - Pul I 

e - PKase - Spl Itter 

10. (b) 

11. (a) 
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ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON I 

Functional Analysis -- Oscillators 

1. b - 

2. c 

3. a. AmpI tfy oscillations, 

b. Provide potver to sustain oscillations* 

A. a ■ 
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A.S.(PK.) ^ Twenty Two-ri 

AUSWER sheet" 
FOR 

PROGRESS CHECKS 
LES$ON It 

Parallel R«5ona»t Circuits 

1. a 

2. oradual loss of amplitude In that tank due to circuit losses. 

3. Decrease, 
^i. Decrease 

\ 
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A.S. (EXPO Twenty Two- 

ANSUER SHEET 
FOR 
EXPERIMENT 
LESSON Ml 

Frequency Measurement with an Oscilloscope 
3. .1 mtlllsec/cm 

k. The starting point moves in a negative direction (or words to 
this effect) 

5. to cm 

6. 

j£ cm X . 1 mill isec/ cm » 1 ml 1 1 tsec 
Period *• 1 ml I Usee « t 

?. 

F - 1/t 

^ ' \ mintsec 

I 

F » ^ 

^ IXIO ^ 

F " 1000 HZ or I KHZ 

9. 20 or 50 M sec/cm 

10. period « klO usee 

11. F - 2.1 mz 

12. F - 700 HZ 
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ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON lit 

Heasurln'i Frequency With An Oscilloscope 

1. cycle 

2. period 

3. d 

k. a. 20 HZ 

b. 5000 HZ or 5 XHZ 

c. 57. U KHZ 

5. Sweeptlme control 

6. Triggar Level control 

7. 3.33 KH2 

8. 6.25 KHZ 
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AHSUER SHEET 
FOP, 

LESSori rv 

EXPtRrHEUTS 

PArtT \ Osci I lator Operation 

3. 500KH7 — 333 KHZ 

5. Frequency = 2 00 KH Z -2 50 WIZ 
a. Frequency decreased^ Yes 

f>. Frequency - 200 KHZ-25-KHZ 
a. Frequency decreased. Yes 

PART II . Loading Effects 

1. c 12V-15VAC 

2. b. 50V scale 10-15 V^C , 

Note: tleter shoy'd be on Output function 
25v scale 5-10 VAC 
lOv scale 2-5 VAC 



5v scare .2v - 5VAC 
't. T/ecreased. 
5. a. nv-UVAC 





b. 
c. 


Close 
Ho 




PART III 


Osci 1 lators 


9. 


PC 


203-2 - 


225'^sec ±10^ 




PC 


203-5 - 


itOgsec ± 10^ 


10. 


PC 


203-2 - 


k.smz ± \0% 




PC 


203-5 - 


25kHz ± \0% 


11. 


PC 


203-2 - 


cotnnon emitter amplifier. 




PC 


203-5 - 


common emitter amplifier. 


!2. 


PC 


203-2 - 


180* out of phase. 




PC 


203-5 - 


180" out of phase. 


13. 


PC 


203-2 - 


C3-2, LI -2 




PC 


203-5 - 


C3-5, TI-5 
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Twen ty Two- I V 



2. 
3. 



6. 
7. 



b 
d 
b 



h. a 
5. a 



d 
c 



ANSWER SHEET 
FOR 

PROGRESS CHECKS 
LESSON IV 

Oscillator Operation 



8. a. VTVM 

b. Oscilloscope (Either order) 

c. Standard VOH will load the circuit. 
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